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T HE 


P REFACE 


Aces ae HERE are ſo many Books of Navi- 
Ao 241101 already extant, that it may ſeem 
impertinent 10 trouble the M. <p with a 
9 * new One; eſpecially fince ſome good Ma- 
SHS thematiciaus both at home and abroad, 

þ + many who were perfect Maſters of the Pradiice, | 

have written on this Subject. The former of theſe being 

fond of ingenious Speculations, have generally been too 
prolix on the Theory, and loo ſport an the practical 

Part. Whereas the later have in a great Meaſure. ne- 

glected the Theory, and not being very ſollicitous about 

Language or Method, have delivered the practical 

Rules in ſuch a Manner, as they cannot be eafily- com- 

prebended, and much leſs remembred, eſpecially ſince there 

is ſeldom mention made of the Reaſons on which ibey 
depend. 

by I am very far from finding fault with all the 

Books on this Subject; for there are ſome very full both 

on Theory and Practice, againſt which, I have no other 

Objettion but that they are too tedious to be taught, and 

too dear to be purchaſed by moſt People. 
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Youth 2 to learn the Elements from ſhorter Trea- 
tiſes, and afterwards at their leiſure ſhould read gene 


2 7 —— to publiſh this 


ual Treas; e Tits ks | 
a due Medium betwint the m9 Extremes, 


| —＋ the ſpeculative Writers on the owe Hand, and 


— ou the other are apt to run. 7 have 


. laid down all the uſeful Rules, and troubled the Reader 


with no more of the Theory than is neceſſary to explain 
them. I have alſo explained the principles of Menſura- 
tion, Surveying, and Gauging, and ſhewed bow they are 
applied to Practice, in order that my Book might better 
anfwer the particular end for which it inde namely, 
the Inftrufion of the young Gentlemen of My War rs 
Academy. 

As for the particular Contents of each Section, the Rea- 
Ar will fond them at the end of the Book, and therefore 

need not be repeated here. I ſhall only obſerve, that 

1 deſęneuly omitted Great Circle Sailing, as be- 
ing only ſpeculative, and depending on Spherical Trigo- | 
nometry, which would require 4 particular Volume to 
explain it. — infinite be three Problems ne. 
ceſſary in Practice, which depend on the Reſolution of 
Spherical Triangles ; but for the Solution of theſe, I have 
laid down ſuch clear and ſbort Rules that 16 body can 
miſtake the manner of applying them. 

Io, ſome are of Opinion, that the Demonſtra- 


ions are not to be eaſily learnt by every Capacity, on 


which account they teach the Prattice hors is Book is 
therefore ſo written as 10 ſerve for their purpoſe likewiſe, 
becauſe may take the Rules alone without their Rea- 
ſons. It is true indeed, that there may be great Difficul- 

iy in finiing out a proper Demonſtration ; but after it is 
found, it is eafier to be underſtood than that of which it 
is the 'Reaſen : and therefore they who are not capable of 
undenſtanding the Demonſtrations, are much lefs capable 


of 2 the Prattical Rules which "I on 


, FA them, 
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The PR E F ACE. vi 
them, And I am inclined to believe, that what is com- 
monly attributed do avant of Genius in the Scholar, is often 
owing 10 went of Method and Perſpicuity in the Maſter. 

In preparing this Treatiſe for the Preſs, I own myſelf 
obligad to MY STARLING, R. S. (of the Academy in 
Tower - Street) «who. on his firſt ſeeing my Papers, Jo far 
approved both of the Matter they contained and of the 
Order in which they were put together, as to think them 
fit to be made publick with very little Alteration. 

T acknowledge myſelf alſa obliged to that moſt excellent 
Book of Mr Hop 680N, entituled a Syſtem of Ma- 
thematicks, which I take to be by far the moſt complete 
Treatiſe on this Subject, both as to Theory and Practice. 4 
And on this occaſion I cannot but take notice of a late | 
Writer, who has accuſed him and all Writers on Navi- 
gation of yo. guilty of a very groſs Error; which is, 
that they took Departure and Meridional Diſtance 
to be the ſame. Indeed in Plain Sailing he took them 
to be the ſame ; and is ſtill of the ſame Opinion, notwith- 
ſtanding what has been ſaid to the contrary. But that 
he did not in other Caſes tate them to be the ſame will ap- 
pear by the following Paſſage of bis Book at-the end of 
Mercator's-Sailyz. ** To give the Learner all the | 
Helps neceſſary to a right Underſtanding of this | 
< moſt uſeful Part of Sailing, I wall endeavour 
(before I conclude this Part) to fet his Notions 
right, concerning Difference of Longitude, Me- 1 
<« ridional Diſtance, and Departure; and let him 
«« ſee, that tho* theſe are ſynonymous Terms in 
« Plain Sailing, conſtantly ſignifying the ſame | 
<< thing, and in every Queſtion are repreſented by | 
<« the ſame Right Line, yet in the true Sailing they | 
« are eſſentially different one from another; and | 
in the ſame Problem, are, as they really ſhould | 
© be, repreſented or expreſſed by different Lines, 
and are of different Values.” | 
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Now after reading this Paſſage, T ſhall leave it 10 the 
Publick to judge as they think fit of the Writer, who 
owns that be has ſeen Mr Hop cs0n's Syſtem of Ma- 
thematicks by his quoting it, and at the ſame time af 
firms that he never met with an Author who made any 
rture and Meridional Diſtance. 

And I hope I may be excuſed for vindicating the Author 
i w0hom I have Profeſſed myſelf” ſo much obliged, let, 
from my Silence on this Head, it ſhould be ſiſpected that 
J were guilty of the . Error which is kgs laid 
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whereby we are enabled to car- 
ry a Ship * one Port to; an- 
other. 


This Rtlerke depends upon 
WH ſome Parts of the Mathema- 

tics, which muſt be known 
before we can treat of it; 
; CET we {hall firſt ay: down. 
the Princip « d 


- - > « 


> Ci 


Barons SECT, 


i TI "ome Doors 174 


— — —f—ä— 


2 Geometrical Phe. 
e gr. 1 


Geometrical Pr ab 
men 22 — * 
255 I EOMETRY & Na e 


— 

2. A Point is that which is not made up of Parts, 
or which is of itſelf indivifible, as A © © 

55 A Line is a Length without Breadth, as 


Ee The Extremities of a Line axe Points . 


ies s of the Line AB, N 2 
* 

5. If the Line A B be the neareſt Diſtance be- 

a its Extreams A and B, then it is call'd a ſtrait 

Line, as AB in the former Figure; but if it be not 


13 the peareſt Dine then it is called cure Line, 


— 


6. A Surface is that which is confidered as having 


2 


only. Length and Breadth, but no 7 as B. 
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+ "Tha Tetihs , of a Surface are — 
1 A plain Surfate is chat which lies equally be- 

* its Extrémes. 5 
| 9. The Inclination beween two” Lanes meeting 
one 2 Provided they do not make one con- 


tinued 


Geometrical — 


tinued Line) or the Opening betwern them, is call- 
ed an Angle; thus the In- A G 
clination of the Line AB © FI: 
to the Line CB, Dee l | 
one another at B, or the . | 
Opening between the two Ja : O lun 
Lines A B and C B, is called an Angle wah. 
10. When the Lines forming the Angle are right 
Lines, then it is called a right lin'd Angle, as A; 
if one of hem be right and the other curvid, it 8 
called a mix'd Angle, as B if both of e 
curv'd, It is as a curve lin'd Angle, 2 on 


UI 


FA 
4. 


t 11. I a dt Line: A5. auer ee DE; 


ſo as to incline neither to 1 A. ) 
the one ſide nor to the 4 | 
ther, but make the Angles _ : 5 * 
RBD, A Con each tide. HE 6 
equal to one another, then 9 | 2 5 
the Line A B is faid to be in 20 2 oo 


endicalar to the Line DC; and the two 
1 called Right Angles. Angle 
12. An obtuſe Angle is that which is greater than 
a right one, as A; and an ane COS that which 
15 un than rn one as ts: — 


e W 


its 


13. If a a right Line D c 65 faltened u. at one 
Ends C, andl che other End P, ; 

be carried quite round, then the 
Space comprehended is called a B 
Circle; * curve Line deſcribed 
by the Point D, is called the \ S 
Periphery or Circumference of the * 

{Ny g ak B 2 Circle; 
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Circle; the fix d Point C is called the Center of 
i. 

14. The deſcribing Like C D, is called the Ra- 
dius, viz.-any Line drawn from the -Center to the 
Circumference ; whence all Radii of the lame or 
equal Circles are equal. 

15. Any Line drawn through che Center, ind 
terminated both ways. by the Circumference, is call- 
ed a Diameter, as B D is a Diameter of the Circle 


BA DE. And the Diameter divides the Circle and 


Circumference” into two equal * and: is en, 
the Radius. 

16. The Circumference of every Cirdei is | ſuppoſed 
to be divided into 360 equal Parts, called Degrees ; 
and each Degree 5 divided into 60 equal Parts, 
called Minutes; and each Minute into 60 equal Parts, 
called Seconds ; and theſe into T, birds, Fourths, &c. 
theſe Parts being greater. or. leſs according as, the 
Radius is. 

Any Part of the Circumſerence is called an 
Arch, or Arc; and is called an Arc of as many De- 
grees as it contains Parts of the 360, into which the 
Circumference was divided: Thus if AD (in the 
former Figure) be the 5 of the Circumference, then 
the Arc AD is an Arc of 45 Degrees. 


18. A Line drawn from one 


| = a End of an Arc to the other, is 
—ꝝ called a Chord, and is the mea- 


ſure of the Arc; thus the right 
Line A B is Te Chord of we Arc 
ADB. | . 


19. Any Part of a Circle cut off by a Chord, is 
called a Segment; thus the Space comprehended be- 
tween the Chord A B and Circumference A DB 
(which is cut off by the Chord — is called a Seg⸗ 
ment. Whence it is nN . 


2 $ * "os. 4 cf x % 
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Geometrical | Propoſitions. b 
2 That all Chords divide the Circle into two 
r ö 
adh, The leſs the chord is, the more unequal 
are the Segments, and e contra. | 
34ly, When the Chord is greateſt, viz. when it 
is a Diameter, then the Segments are * 
vi. each a Semicircle. P | 
20. Any Part of a Circle (leſs than A 
a Schlee contained between two B 
Radii and an Arc, is called a Sector; 
thus the Space contained between the 
two Radii, A C, B C, and the Arch 
A B, is called a Sector. | 


21. The right Sine of any Arc, is a Line drawn 
ndicular from one "Ix 
end of the Arc, to a Dia- 
meter drawn through the 
other end of the ſame Arc; 
thus AD is the right Sine 
of the Arc AB, it being 
a Line drawn from A, the 
one end of the Arc AB, 
perpendicular to CB, a 
Diameter paſſing throu - 
B, the other — of 

Arc AB. 


Now the Sines ai on the ſame Diameter 
ſtill increaſe till they come to the Center, and then 
becoming the Radius, it is plain that the Radius EC 
is the greateſt poſſible Sine, and for that reaſon 1 it is 
called the whole-Sine. 

Since the whole Sine E C muſt be perpendicular 
to the Diameter FB (by Defaz1.) therefore produ- 
cing the Diameter E G, the two Diameters, F B, 
EG, muſt croſs one another at right Angles, and 
ſo the Circumference of the Circle muſt be divided 
W eee EB, BG, GF, and FE, and 
B 3 theſe 


5 Geometrical Propoſitions. 
theſe ſour parts are equal to one another (by Def. 
11.) and ſo EB a Quadrant, or fourth payt of the 
Cireomference ; therefore the Radius EC is always 
the. Sine of the Quadrant, or fourth part of the 
Circle EB. 2073 7 . 3 

Simes are ſaid to be of fo. many , as the 
Arch contains parts of the 360, into which the 
Circumference is ſuppoſed to be divided; ſo the 
Radius being the Sine of a Quadrant, or fourth 

of the Circumference, which contains go De- 
grees; (the fourth part of 360) therefore the Radius 
muſt be the Sine of go Degrees. 

22. That part of the Radius comprehended' be- 
tween the Extremity of the right Sine and the lower 
End of the Areh, viz. DB, is called the verſed: Sine 
of the Arch AB. 

2g. If to any Point in the Circumference, viz. B, 

Wn  thare\ be drawn a Diameter FCB, and from the 
lf. point H perpendicular to- that Diameter, there be 
= drawn the Line BH; that Line is called a Tangent 
i to the Circle in the point B; which Tangent can 
"nl touch the Circle only in one point B, elſe if it rouch- 
| ed it in more, it would go within it, and ſo not be 


| a Tangent but a Chord (by At. 18.). 

24. The Tangent of any Arch, A B, is a right 
| f | f 
1 Line drawn perpendicular to a Diameter through 
| the one end of the Arch B, and terminated by a 
i" Line CH, drawn from the Center through the 
Lil! other end A; thus B H is the Tangent of the 
I Arch AB. 

25. And the Line which terminates the Tangent, 
| diz. CH, is called the Secant of the Arch A B. 

| 26. What an Arch wants of 2 Quadrant is calle 
1h the Complement of that Arch; thus A E being what 
if the Arch AB wants of the Quadrant EB; is called 
the Complement of the Arch AB. , 
27. And what an Arch wants of à Semicircle is 
it called the Supplement of that Arch; thus ſince AF 


1 2 
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is what the Arch AB wants of the n 


it is called the Supplement of the Arch AB. 

28. The Sine, Tangent, Cc. of the Complement 

of any Arch, is called the Co-Sine, way Yo 5. 5 
of that Arch; thus the Sine, Ta 4. of the 
Arch AE. is called the Co-Sine, >Tangent, Sc. 
of the Arch AB... 

29. The Sine of the Supp lement of an Arch i is the 
Game with the Sine . of the Arch itſelf, for drawing 
them according to the AT, there _— the 
ſelf ſame Line; 

30. A right lin'd Angle i is meaſured by an ARK 
of a 2 eſcribed up- 

on the angular Point as | 

a Center, comprehend- A D 
ed between the two Legs a 
that form the Angle; 0 
thus the Angle ABD is 
meaſured by the Arch 
AD of the Circle CADE © : 

that is deſcribed. upon the Point * as a Center; and 
the Angle is ſaid to be of as many Degrees as the 
Arch is; fo if the Arch AD ba Degrees, then 
the Angle ABD is ſaid to be an Angle of 45 De- 


41 Angles are greater or leſs according as he 


Arch deſcribed about the angular Point, and termi- 
nated. by the e 
Number of 

31. When one Line falls perpendicularly on an- 
other, (as AB on C D) A 
then the Angles are right: 
(by the 1 ith) and deſcri- 
bing a Circle on the Cen- 
ter B, ſince the Angles 
ABC, AB D are equal, 
their Meaſures muſt be ſo too, 7. e. the Arches A ho 
AD muſt be equal; but the whole CAD is a Se- 
Tx B 4 e 
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micircle, ſince C D, a Line pafling through the 
Center B, is a Diameter, therefore each of the Parts 
AC, AD is a Quadrant, 7. e. go Degrees; fo the 


Meafure of a right Angle is always go Degrees. 
32. If one 2 2 AB fall any * upon another, 


CD, then the Sum of 
the two Angles ABC; 
AB D is always equal 
— 1 to the Sum of two right 
9% Regt ee e Angles. For on the 
Point B, deſcribing the Circle CA D, it is plain, 
that CAD is a Semicircle (by the 15th); but CAD 
is equal to CA and AD the Meaſures of the two 
Angles therefore the Sum of the two Angles is 

a to a Semicirclc, that is, to two right Angles 
R mn ny 
Cor. 1. From whence it is plain, that all the An- 
gles which can be made from a_ Point in any Line, 
towards one ſide of the Line, are equal to two right | 


. 


2. And that all the Angles which can be made 
about a Point, are equal to four right ones. © 


33. If one Line AC croſs another BD in the 


Point E, then the oppoſite An- 
. gles are equal, viz. BEA to 

GED, and BEC equal to 
D "AED. For upon the Point 

1 E, as a Center, deſcribing the 
AS — Circle ABCD, it is plain 

BC is a Semicirele, as alſo BCD (by the 15th) 
therefore the Arch A BC is equal to the Arch 
BCD; and from both taking the common Arch 
BC, there will remain AB equal to CD, i. e. the 
Angle B E A equal to the Angle CED (by Art. 
30.). After the ſame manner we may prove, that 
the Angle B E C is equal to the Angle AED. 
20 i {2 — . 34. Lines 


- 


Geometrical hy ey - 3 
34. Lines which are : 
eg diſtant from one 
another are called Pa- 
rallel Lines; as AB, 
C D. 


35. e Line GH croſs two Parallels AB, CD, 
then the external Angles are equal, viz. GEBe- 
qual to CF H and AE G equal to HF D. For 
Gnce AB and CD are parallel to one another, they 
may be conſidered as one broad Line, and GH 
croſſing it; then the vertical or oppoſite. Angles 
GE B, CF H are equal (by the 33d) as allo AEG 
and HF D by the ſame... 

36. 8 glove Stools. two. Faratla vol CD, 
4 the alternate An- Ne 

les, viz. AE F and watt a 

F D, or CFE and E Se 

FE B are equal; that Ac 2 — 


is, the Angle AEF 1 | 


is equal to the Angle C— — 
E F D, and the An- 255 $1 
gle CFE is equal to 4. 
the Angle FEB, for H 

GEB i equal to A E F (by the 3 zd) and CFH is 
equal to EF D by the ſame, but GEB is equal to 
OE H by the laſt, Therefore A E F is equal to 
EFD; the ſame way we may prove FEB equal 
REG 
7. If a Line GH croſs two parallel Lives AB, 
cy. then the external Angle G B is equal to the 
internal oppoſite one EFD, or GEA equal to CFE. 
For the Angle AE F is eqhal to the Angle EFD 
by the laſt ; but A E F is equal & E B (by the 33d) 
— GEB is equal to EF D; the ſame way 
ä | 


. J 
38. 1 


| 0 Geometrical 'Propoſutions. a 
. 38. If a Line G H croſs two parallel Lines A B, 
\F cD; then the Sum of the two internal Angles, viz 
| BEF and DFF, er A Ex and CF Ee cqual to 
it two right Angles; for ſince the Angle GE B is e- 
j to the Angle E FP tby the laſt) to both add 
ih the Angle F E B, then G EB and BEF are equal 
is © BEF and DFE; but GE B and B E F are 
i equal to two right Anghes (by the 324) therefore 
if BE F and DEE are alſo equal to two right Angles. 
it The fame way we may prove that A EF and CFE 
g are equal to two right Angles. 
F 29. A Figure is any Part of Space bounded by 
i Lines or a Eine. If the bounding Lines be ſtrait, 
| it is called a Rectilincal Figure as A; if they be cur - 
8 EN WG as fi, i 3 if 
ey be partly curve Lines and partly ae it is 
called a x * D. | | 


10 | 8 Al 9979 LDN. 
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41850. The moſt ſim ple deckel 
Figure is that which > bounded by 
three right Lines, and is called a 
Triangle, „ 


' 
: — — 
| 
| 


41. T alia are divided into different Kinds, 
8: both with reſpect to their Sides and Angles : with 
Th} reſpect to 2 Sides, they are commonly divided 
into three kinds, viz. 
| 42. A Triangle having 41 irs three Sides equal to 
if one another, is called an Equilateral Triangle, as A. 
if 43. A Triangle having two of its Sides equal te 
if one another, and the third Side not equal to either 
| f them, is called an 7/o/celes Triangle, as B. 17 
i 44- A Triangle having none of its Sides equal to 
1 . 9 is called 2 Scalene Triangle, as C. 
| 


| 45. Tri- 
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AAA 


Triangles with reſpect LA —— 
. ed into three different kinds, vz. 
46. A Triangle having one of it's Angles right, 


ſs Auel a Right- Angled Triangle, as A. 


7. A Triangje having one of it's Angles obtuſe, 
07 abs bm right Angle, is called an OB 


Anpled-Triangle, as B. 
48. Laftly, a Triangle having all it's Angles 
acute, is called an Acute- Angled-Triangle, as C. 


. 


49. In all right angled Triangles, the Sides com- 
prekending the right Angle are 
called the Legs, and the Side op- 
polite to the right Angle is called 
the Fypotbenn/e. Thus in the right 
angled Triangle AB C (the right B C 
Angle being at B) the two Sides AB and B C which 
comprehend the right Angle A BC, are the Legs 
of the Triangle, and the Side A C, which is op- 
poſite to the right Angle A B C, is the Hypothenuſe 
of the right-angled-Triangle A BC. 

50. Both obtuſe and acute angled Triangles are 
in general called O3lique- Angled-Triangles ; in all 
which any Side is called the Beſs, and the other 
two the Sides, | 


12 Geometrical Propoſitions. 
51. The perpendicular Height of any Triangle 
| A | is a Line drawn from the 
- _ / Vertex to the Baſe per- 
pendicularly ; thus if the 
Triangle ABC be pro- 
* poſed, and B C be made 
„ ? itz Baſe, then A will be 
the Vertex, viz. The Angle oppoſite to the Baſe ; 
and if from A you draw the Line A D perpendi- 
cular to B C, then the Line AD is the Height of 
the Triangle AB C ſtanding on B Cas it's Baſe. 
Hence all Triangles ſtanding between the ſame 
Parallels have the fame Height, ſince all the Per- 
pendiculars are equal by the Nature of Parallels. 


A —— 52. A Figure bounded by. 
5 four Sides is called a Quadri- 

| | . - | -lateral or Quadrangular Figure, 

BL jy * ABD C. Fc e 


53. Quadrilateral Figures whoſe oppoſite Sides 
are parallel, are called Parailellograms. Thus in the 
quadrilateral Figure ABD C, if the Side AC be 
parallel to the Side B D which is oppoſite to it, 
and A B be parallel to CD, then the Figure 
AB DC is called a Parallellogram. | 

54. A Parallellogram having all it's Sides equal 
and Angles right, is called a Square ;, as A. | 

55. That which hath only the oppoſite Sides equal 
and it's Angles right, is called a Rectangle; as B. 

56. That which hath equal Sides but oblique 
Angles, is called a Rhombus, as C; and is juſt an 
inclin*d Square. | 1 


29 | = 57. That 
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57. That which hath only the oppoſite Sides 


4 and the Angles oblique, is called a Rhomboides, 
2s D; 1 51 0 as an I 


angle. [27 


2 

38. When none of 2 Sides are parallel to an- 
| other, then the quadrilateral Figure is called a 
wks thee A 

59. Every other right-lined Figure, that has 
more Sides than four is in general called a Palygon. 
And Figures are called by particular Names ac- 
cording to the number of their Sides, viz. One of 
five Sides is called a Pentagon, of ſix a Hexagon, of 
leven a Heptagon, and ſo on. When the Sides form- 
ing the Polygon are equal to one another, the Fi- 
gure is called a regular Figure or Polygon. x 

60. In any Triangle A BC, one of it's Legs, as 
B C, being produced towards D, the external An- 
gle ACD equal to both the internal o poſite 
ones taken together, diz. to ABC and BAC. 
In order to prove this, through C draw CE 2057 
to AB; then ſince C E is parallel to AB 1 AC 
croſſeth them, the Ang le E 
(by the zyth) and the An gle ACE 377 to CAB 
(by the Gi) therefore the * E C D and EC A 

are equal to the Angles AB C and CAB; but the 
Angles ECD and EC A are together wits, _ 
Angle ACP; therefore the Angle AC 
to both the Angles ABCandCAB taken wehen 


=. =. 

ak. | x4 
. on * 7 | 
/ Ia) 

F ® 

4 * 


. 
— 0 —— 


CD is winch 1.11 


| 
| 
| 
| 
| 
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2 In any Triangle AB C all the three Angles 
taken together are equal to two right Angles. To 
prove. this you mult. — one af it's Legs, 
to any diſtance, ſuppoſe to D; then by the laſt 
Propoſition, the external Angle, A C D, is equal 


to the Sum of the two internal oppoſite ones CAB 


and AB C; to both add the Angle A CB, then 
the Sum of the Ac Dad A CB will be e- 
qual to the Sum of the Angles C AB and CB A 
and ACB. Bur the Sum of the Angles A C D and 
A CB, is equal to two right ones (by the 32d) 
therefore the Sum of the three Angles C A B and 
CBA und A'CB, is to two Safe Ke 88 
that is, the Sum of the three Angles of any T 


angle A CB is equal to two right Angles. 


Cor. 1. Hence in any Triangle given, if one i 
it's Angles be known, the Sum of the other two is 
alſo known : for fince by the laſt, the Sum of all 
the three is equal to two right Angles, or a Semi- 
circle, it is plain, that taking 1 one of them 
from a Semicircle or 180 the Remainder 
will be the Sum of the other two. Thus (in the 
former Triangle ABC) if the Angle AB C be 
40 Degrees, by taking 40 from 180 we have 140 

3; Which is the Sum of the two Angles 

BAC, ACB, e ain, Nord 
The Sim of any two Angles of a rage 

ing 25 


iven, the other Angle is 10 known by” 
from 180 Degrees. 

2. In any tight angled Triangle, the two acute 
Angles muſt juſt make up a right one between 
them conſequently, any one of the oblique An- 
gles being given, we may find the other by ſubtract- 


ing the given one from 90 r which is the 
Sum of both. 8 


5 — 57 62, If 
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62. If in any rwo Triangles, ABC, DEF, tio 

of the one, viz be | 
and A C, be e. | 
to two Legs in 
the other, vi. to © 
DE and DF, cach Bl 
to euch reſpectively, C 2 : 
1. e. AB to DE and A C to DF; and if the An- | 
gles included between the equal Legs be equal, 
dig. the Angle B A C equal to the Angle E DF; 
then J ſay, that the remaining Leg of the one ſhall 
be equal to the remaining Leg of the other, viz. 
BC to EF; and the Angles y—_ — 
Legs ſhall be vid. ABC equal to 
(being 83 equal Legs AC, and DF) 
alſo AC B equal to DFE (Which are oppoſite to 
the equal Legs A B and DE) for if the Triangle 
ABC be ſuppoſed to be ſifted up and put upon the 
Triangle DEF, and the point A on the point D; 
it is plain ſince BA and DE are of equal length, 
the point E will fall upon the point B; and ſince 
the Angles BAC, E D F are equal; the Line 
A C vill fall upon the Line P F, and they being 
of equal length, the Point C will fall upon the 
Point F, and ſo the Line BC will exactly agree 
vn the Line E F, ſo the —— r — 
all reſpeCts be exa wal to the Triangle 
DEF; * * be equal to the 
Angle DEF, alſo the Ange 2 wil W 
to the Angle DFE. - 

63: Any Angle, as BA: D, at 
the Circumference of a. Cirele 
B ADE, is but half the Angle 
BCD at the Center ſtanding n 
the fame Arch BE D. To de- 4 
monſtrate this, draw through A m» 
and the Center C, the right Line 
SES then the Angle ECD is 


* ® % ws 
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LK | to both the Angles D A C and A D Cy 
| the Goth); but ſince A C and CD are equal (being 
w_ two Radil of the ſame Citcle) it is plain the Ang! 
V's ſubtended by them muſt be e — alſo, i. e. * 
1 Angle C A D cqual to the Angle CDA, therefore. 
1 the Sum of them is double any one of chem, 1. e. 
1 DA Ee and ADC i double of CAD, ard therefore 
ECD is alſo double of DAC; che ſame way it 
may be proved, that E C B is double of C A B, and 
— the Angle BCD is double of the Angle 
BAD, or BAD the half of BCD. which was to 
be proved. 
Cor. 1. (Hence an A 


ngle at the Circumference i is 


meaſured ; by half the Arch it ſubtends, for the 
Angle at the Center (ſtanding. on the ſame Arch) is 
meaſured by the whole Arc (by the goth); but ſince 
the Angle at the Center is double that at the Cir- 
— it is plain the Angle at the Circumfe- 
rence muſt be n N hair The Arch it 


Cor. 2. * —— all . 
A CB, ADB, AEB, &c. at 
the circumference of a; Circle, 
+. ſtanding on the ſame Chord 

AB, are equal to one another; 
for by the laſt Corollary they 
are all meaſured by the ſame 
3 half the Ae AB which cach of them 
yy 4p an. 
3. Hence an Angle in a Segment greater 
Len is leſs than a right Angle; thus 
chan 55 be a Segment, greater than a Semicircle, 
(le the laſt Figure) then the Arch A B, on which 
it ſtands, muſt be leſs than a Semicirele, and the 
half of it leſs than a Quadrant or a right Angle; 
but the Angle A DB in the Segment, is meaſured 
Age. half of AB; e 
An FO: 
12 f Cor, 4. 


— 


* — wv 


* — 34 
= 


a. A4w« oa td- 


muſt be 75 than a Semi- 


. RBK. Nr 
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Cor. 4. An Angle in a Se- 
micirele is a right Angle. For 
ſince A B D a Semicircle, the 
Arc AED muſt alſo be a Se- 
micircle; but the Angle ABD 
is meaſured by half the Arc 
AE D, chat is, by half a Se- 
micircle or Quadrant; there- - | 
fore. the Angle ABD is a right one. 
, Cor. 5. Hence an Angle in a Segment leſs that a 
Semicircle, as ABD, is great. | 
er than a right Angle: for ſince 
e Arch ABD is leſs than a a 
micircle, the Arch AED | 


circle; and ſo it's half greater 
than a Quadrant, f e. than the 2 7 
meaſure of a right Angle; 4 | 
therefore the Angle A BD, "which is meaſured 457 
half the Arch A E D, is greater than a right Angle. 
64. If from the Center C of the Circle A BE, 
there be let fall the Perpendicular C D on the Chord 
AB, then that Perpendicular will biſect the Chord 
A B in the Point D. To demonſtrate this, draw 
from the Center to the Extremities of the Chord the 
two Lines CA, CB; then fince the Lines C A ind 
CB are equal, ual, the Angles CAB, CBA, which they 
ſubtend, muſt be equal alſo; but the Perpendicular 
CD divides the Triangle AcB into two right an- 
gled Triangles ACD and CDB, in which the Sum 
of the Angles A C D and 
CAD in the one, is equal to 
the Sum of the Angles DCB 
and CBD in the —— each 
being equal to a right Angle, 
(by Cor. 2. of Art. 61.) but 
CAD is equal to CBD, 


therefore A C D is "NY BCD. So in the two 


Trian gles 
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Triangles A CD and B CD, the two Legs Acud 
CD in che one are to the two BC and 
C ia the other, each to each reſpectiveſy, and the 
pd bags ACT and BCD are ; there- 
fore, the remaining Legs AD and B are equa] 
(by the Gad) and conſequently AB biſected in D. 

Ay If from the Center C of a Circle ABE, there 
be drawn a Perpendicular C D on the Chord AB, 


and produced till it meet the Circle in F, then, 1 


fy, the Line CF biſects the Arch A B in the Point 
F ; for (fee the foregoing Figure) joining the Points 
A F, F and B by the ftrait Lines AF, FB, 
in che Triangles A DF, BDF, AP is equal to 


Pz (by the laſt) and DF common to both; therefore 


A D and PF two Legs of the Triangle A D F, are 
to BD and DF two Legs of the Triangle 
BDF, and the included Angles ADF, BDF are 
equal, being both right; therefore (by the 62d) 
the remaining Legs A F and F B are equal, but 1 
the fame Circle equal Lines are Chords of eq 
Arches, therefore the Arches A F and FB are 

equal. S0 the whole Arch A FB is biſected in the 
Poinr F by the Line CF. 

Cor. 1. From the 64th it follows, that any Line 
biſecting a Chord at right Angles is a Diameter ; 


for fince. (by the 64th) a Line drawn from the Cen- 


ter perpendicular to a Chord biſects that Chord at 
right Angles, therefore converſly a Line biſecting 
a Chord at right Angles, muft paſs throꝰ the Center 
and conſequently be a Diameter. 

Cer. 2. From the two laſt it follows, that the Sine 
of any Arch is the half of the Chord of twice the 


Arc; for (ſee the foregoing Scheme). A D is the Sine 


of the Arc AF, by the Definition of a Sine, and 
AF is half the oe AFB, and A D half the Chord 
AB (by the 64th) ; therefore the Cor. is plain. 

66. In any Triangle, the half of each Side is the 
Sine of the Angle; for if a Circle be ſup- 
i poſed 
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* ed to be drawn thro? the three an Points A, 
and D of the Triangle ABD; then the Angle 
DAB is meaſured by half the Arch B K D (by Cor. 
x. of Art. 63); but the half of BD, viz. BE is the 
Sine of half the Arch BKD, viz. 
the Sine of B K (by Cor. 2. of 
the laſt) which is the meafure / 
of the Angle BAD ; therefore A 
the half of BD is the Sine of 
the Angle BAD; the fame 
way it may be proved, that the 
half of AD is the Sine of the 
Angle AB, and the half of AB is the Sine of the 
Angle AD B. 

67. The Sine, Tangent, &c. of has rom is cal- 
led alſo the Sine, Tangent, 
Sc. of the Angle whoſe mea- 
ſure the Arch is ; thus becauſe 
the Arch GD is the meaſure 
of the Angle G CD, and fince 
GH is the Sine, DE the Tan- 
gent, HD the verſed- Sine, 
CE the Secant, alſo G K the 
Co-Sine, BF the Co- Tangent, 
and CF the Co- Secant, &c. a 
of the Arch GD; then GH is called the Sine, DE 
the Tangent, Cc. of the Angle GCD whole mea 

is the Arch GD. 

68. If two equal and parallel Lines, A B and 
CD, be joined by two others, A C and B D; then 
cheſe "ſhall alſo be equal and parallel. To demon- 
ſtrate chis, join the two oppoſite Angles A and D 
with the Line A D; then it is plain this Line AD 
divides the Quadrilateral, A C DB, into two Tri- 
angles, viz. ABD, A CD, in Which AB, a Leg 
of the one, is equal to DC a Leg of the other by 
Suppoſition, and A D is common to both Triangles ; 


7 A 42D the Angle Dell 
| W 
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will be equal to the Angle ADC, (by Art. 
therefore in the two Triangles, B A and A 
the Angle B A D, is equal to CD and P 
and the Angle ADC, that is, two Legs and 
the included Angle in the one, is equal to two 
Legs and the included Angle in the other; (by 
— * the 62d) ſo B D is equal to 
A * AC, and the Angle D AC 
is equal to the Angle A DB, 
a therefore the Lines BD, AC 
————— D are both equal and parallel. 


6.) 
D, 
oy 


8 


K 


a „ 1. Hence it is aid that the Quadrilatera 
AB DC is a e oat ſince the oppoſite Sides 
are parallel. 

Cor. 2. In any Parallelogram the Line joining 
the oppoſite Angles (called the Diagonal) as A D, 
divides the Figure into two equal Parts, ſince it has 
been proved that the Triangles ABD, ACD are 

qual to one another. 

Cor. 3. It follows alſo, that a Triangle A CD 
on the ſame Baſe CD, and between the ſame Pa- 
rallels with a Parallelogram ABDC, is the half of 
that Parallelogram. 

Cor. 4. Hence it is plain, that the oppoſite Sides 
of a Parallelograth are equal; for it has been proved 
that AB DC being a Paralleiogram, AB will be e- 
qual to C D, and A C equal to BD, 
6. All Parallelograms on the ſame or equal 
Baſes, and between the ſame Parallels, are equal 
to one another; that is, if B D and G H be equal, 
and the Lines BH and A F be parallel, then the 
Parallelograms AB DC, BDF E, and EFH G 
are equal to one another. For A C is equal to E F 
each being equal to. BD. (by Cor. 4. of 68.) To both 
add CE, then A E will be equal to CF. So in the 
two Triangles ABE, CDF; AB, a Leg of the 
one, is equal to CD, a Leg in the other; and 3 9 

* eq 


c 


— 
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equal to C F, and the Angle BAE is equal the Angle 
D CF (by the 37th); therefore the two Triangles 

AB E, CDF are equal (by the Gad); and taking 
the Triangle CKE from both, the Figure ABK C 
will be equal to the Figure K DFE ; to both which 
add the little Triangle KB D, then the Paralle- 
logram ABD C will be equal to the Parallelogram 


BDFE. The fame 0 E Þ 

way it may be pro- : —— 
ved, that the Paral- "4 
lelogram EFHG 1s « > 
equal to = rug ; ws — 
logram EF DB; ſo BA - 5 
> — Parallelograms 1 Cc H 


ABDC, BDFE, and EFHG will be equal to 


one another. 


Cor. Hence it is plain, that Triangles on the ſame 
Baſe, and between the ſame Parallels, are equal 


ſince they are the half of the Parallelograms on the 


ſame Baſe, and between the ſame Parallels. 

70. In any right angled Triangle, AB C, the 
Square of the Hypothenuſe B C, viz. BCMH is 
equal to the Sum of the Squares made on the two 
Sides AB and AC, viz. to AB D E and ACGE. 
To demonſtrate this, thro? the Point A draw AKL_ 
perpendicular to the Hypothenuſe B C, join A H, 
AM, DC, and BG; then it is plain that DB is equal 
to BA (by the 54th), alſo BH is equal to BC (by the 
ſame) ; ſo in the two Triangles DBC, AB H the 
two Legs DB and B C in the one, are equal 
to the two Legs A B and B H in the other; and 
the included Angles DBC and AB H are alſo 
equal; (for DB A is equal to CB H being both + 
right; to both add A B C, then *tis plain that DBC 
is equal to A B H) therefore the Triangles DB C, 
AB H are equal (by the 62d), but the Tri- 
angle DBC is half of the Square A B DE (by 
Gor. 3. of 68th), and the Triangle AB H is halt 

8 | 3 the 


- it may 4 proved, that the 
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the Parallelogram B K L H (by the ſame), therefore 
half the Square ABDE is equal to half the Parallelo- 
gram BK LH. Conſequently the Square AB D E is 
equal to the Parallelogram B K L H. The fame way 
Square A C GF is equal 
= to the Parallelogram K 

CM L. So the Sum 
of the Squares ABDE 
and ACGF is equal 
the Sum of the Paralle- 
lograms BK LH and 
KCML ; but the Sum 
of theſe Parallelograms 
is equal to the Square B 
CMH, therefore the 
Sum of the Squares on 
AB and AC is equal to 


the Square on BC. 
Cor. 1. Hence in a right-angled T riangle, the Hy- 
pothenuſe and one of the Legs being given, we- 


may eaſily find the other, by taking the Square of 


' the given Leg from the Square of the Hypothenuſe, 


and 2 ſquare Root of the Remainder will be the 
Leg required. 

Cor. 2. Hence the Legs in a right-angled Triangle 
being given, we may find the Hypothenuſe, by — 
ing the Sum of the Squares of the given Legs, and 
extracting the ſquare Root of that Sum. 

71. If upon the Line A B there be drawn a Semi- 
circle A DB, whoſe Center is C, and on the Point 
C there be raiſed a perpendicular to the Line A B, 
viz. CD; then tis plain the Arch DB is a Quadrant, 
or contains go Degrees; ſuppoſe the Arch DB to be 
divided into 9 equal Arches, each of which will 
contain 10 Dares, then on the Point B raiſing 
B E perpendicular to the Line A B, it will be a 
Tangent to the Circle in the Point B, and if to e- 


| * Diviſions of the Quadrant, wiz. B 10, 


B 20, 


PU ace Al 
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A Line of To 


B 20, B 30, B 40, Sc. you draw the Sine, Tan- 
gent, Gc. (as in the Scheme) we ſhall have the Sine, 
Tangent, Fc. to every ten Degrees in the Qua- 
drant: and the ſame way we may have the Sine, 
Tangent, &c, to every ſingle Degree in the 

C4 Quadrant, 


— Sa » a * 
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Quadrant, by dividing it into 90 equal Parts be- 
gin g from B, and drawing the Sine, Tangent, 
5555 all the Arches beginning at the ſame Point 
this Method they draw the Lines of Sines, 
Tante nts, Br of a certain Circle on the Scale ; for 
. 16d them on the Circle they take the Length 
of them, and ſet them off in the Lines drawn for 
that Purpoſe. The fame way, by ſuppoſing the Ra- 
dius of any ny Namber of equal Parts, (ſuppoſe 1000 or 
10, opꝰ Sc.) tis plain the Sine, Tangent, Sc. or 
IN Arc muſt conſiſt of ſome Number of theſe equal 
al and by computing them in Parts of the Ra- 
we have Tables of Sines, Tangents, Ac. to e- 
27 Arch in the Quadrant, called Natural Sines, 
Tangents, Sc. and the Logarithms of theſe give us 

Tables of Logarithmic Sines, Tangents, Sc. 
To. underſtand the Nature of which, and the Me- 
thod of uſing them, you muſt know chat Logarithms 


are wks Aung Numbers, contriv'd to avoid long 


Operations in natural Numbers, each of which has a 
ko „ 8 belonging to it. Their Nature is ſuch, 

Addition of them anſwers to Multiplication in 
natural Numpbets, and Subtraction anſwers to Divi- 
ſion; that i is, When! two Numbers are propoſed to be 
multiplyd into one another, if we take the Loga- 
rithms anſwering to the Numbers and add them to- 
gether, the Sum will be the Logarithm anſwering to 
the natural Number, which is the Product of the 
two Numbers propoſed. 

Again, when one Number is propoſed to be di- 
vided by another, if from the Logarithm of the Di- 
vidend we ſubtract the Logarithm of the Diviſor, 
the Remainder ſhall be the oem of the 5 
. | 

Now to apply this to practice: The firſt Table 


at the end of this Book, contains the Logarithms of 


all the Numbers from 1 to 10000; the Columns 
22 125 be the wp: with . of ) contain the natural 
£ N Numbers, 
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Numbers, and the adjacent Columns contain the 
Logarithms of theſe Numbers. So to find the Lo- 
garithm of any Integer Number between 1 and 
10, ooo, we muſt look in the Columns mark*d with 
N at the top, till we find the Number propos'd ; and 
that ſtanding on the ſame Line with it in the adja- 
cent Column is the Logarithm required. 

Example. Let it be required to find the Loga- 
rithm of 365; by looking in the Table according 
to the above Direction, I find it to be 2.56229. 
The Reverſe of this, viz. Given a Logarithm, to 
find from your Tables the natural Number anſwer- 
ing thereto, is perform'd by looking into the Co- 
lumns marked with Logarithm at top, for that 
which is either equal or neareſt to the one propoſed, 
and the Number anſwering to it in the adjacent Co- 
lumn is that required. 


Example. Let it be required to find the natural 


Number anſwering to the Logarithm 2.56229, by 
proceeding according to the above Direction I find 

it to be 365. | 
Again, if it were required to find the Logarithm 
of a Number, having ſome Decimals in it. In or- 
der to do this, you may obſerve in the Table 
of Logarithms, that the Logarithm of 10 is 1, 
that of 100, 2; and of 1000, 3, Sc. and the Lo- 
garithms of all the intermediate Numbers be- 
tween 10 and 100, have 1 for the integral Part of 
each, and all thoſe between 100 and 1000 have 2 for 
their integral Part, and ſo on, which are called their 
Indices. | 
Now becauſe any Number conſiſting of both In- 
tegers and Decimals, is equal to the Quotient of 
the whole conſidered as an Integer divided by the 
Denominator of the decimal Part; and ſince by the 
Nature of Logarithms, Subduction in them anſwers 
to Diviſion in other Numbers; therefore it follows, 
that when a Number is given conſiſting both of In- 
of | tegers 
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: 


tegers and decimals, we can find the Logarithm | 
anſwering thereto in the following manner: viz. 

Find the Logarithm of the whole conſider'd as an 
Integer; then from that take the Logarithm of 
the Denominator of the decimal Part, or (Which is 
the ſame) from the Index of the Logarithm of the 
whole conſider'd as an Integer, ſubtract a Number 
leſs by Unity than the Number of Places in the 
Denominator of the Fraction, and the Remainder 
will be the Logarithm required. 

- Example 1. Suppoſe you were to find the Loga- 

rithm of 36.5 ; to do this you mult firſt look for the 
L hn of 365, which is 2.56229, then becauſe 
10 is the Denominator of the decimal Part of the 
propog'd: Number, and 1.0000 its Logarithm, there- 
tore from 2.56229 take 1.0000, and there remains 
1.56229 the Logarithm required. 

| Example 2. And to find the Logarithm of 6. 843.4 

Firſt find the Logarithm of 654.9 conſidered as an 
Integer, which by the Tables you will find to be 
3-81578 ; then fince 3.0000 is the Logarithm of 
2000 the Denominator of the fractional Part, there- 
fore from 3.81578 take 3.0000, and there will re- 
main 0:81578, which is the Logarithm required. 

The Reverſe of this, viz. the Logarithm of a 
Number conſiſting of integers and decimals being 
given; to find that Number is N according 
to che following Method. 

Rule. Look in your Table of Logarithms (with- 
out. regarding the Indices) for that whoſe decimal 
Part is equal or nearly equal to the decimal Part of 
the Logarithm p then ſubtract the Index 
of the former from that of the latter; and laſtly di- 
vide the Number anſwering the Logarithm ound 
in your Tables, by a 2 conſiſting of an Unit, 
and as many Cyphers as there are Units in the dif- 
. ference between the two Indices; or, which is the 

lame, ; cur off as many Figures (beginning ar the 

we 
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loweſt place) of the Number anſwering to the Lo- 
ithm in your Table, as there are Units in the 
ifference of the Indices, and the Number laſt foun 
will be that required. | 

Example. Suppoſe it were required to find the 
Number anſwering to the Logarithm 2.73608. 

In order to do this, I look in the Table of Lo- 
garithms (without minding the Indices) for that 
whoſe decimal Part is equal, or nearly equal, to 
73608, the decimal Part of the Logarithm pro- 
pos'd, and I find it to be 3.73608; from the Index 
of which, biz. 3, I take 2, the Index of the pro- 
pos'd Logarithm, and there remains 1 ; laſtly,” I 
divide 5446, the Number anſwering the Logarithm 
found in the Tables, by 10, and the Quotient 544.6 
is the Number required. 

The Reaſon of this and the preceding Rule, is 
plain from the very Nature of Logarithms. 

From what has been ſaid on this Head we may 
eaſily ſolve the following Problems by the Loga- 
rithms : viz. | +; ab 
Prob. 1. Given two Numbers, as 25.6 and 134, to 
find the Product of their Multiplication, To ſolve. 

this by the Logarithms, I firſt look for the Loga- 
rithm of 25.6 which I find to be 1.40824, then for 
that of 134 which is 2. 127103 then I add theſe two 
Logarithms together, and their Sum is 3.53534, 
which is the Logarithm of their Product; fo I look 
in my Table for the Number anſwering to 3.83834. 
and I Age it to be 3430, which is nearly equal to 
the Product of 25.6 into 13 4 >; 
Again, if it were required to find the Product of 
36 into 234, I proceed as in the laſt Example, and 
the Operation is as follows: 


2.36922 the Logarithm of 234 | 
1.55630 the Logarithm of 3 
Sum 3.92552 the Logarithm of their Product. 

| 4 which, 


2 
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which, by the Table, I find to be 8424, which is 
the Product of the two Numbers propos d. 
Prob. 2. Let it be required to find the Quotient 
that ariſes by e one Number by another, ſup- 
828 by | 

2 ſolve this by the 8 1 firſt look i in 
the Tables for the Logarithm of 828, the Dividend, 
which I find to be 2.91803 ; then for the Loga- 
rithm of 23 the Diviſor, which is 1.36173, and this 
laſt taken — the former Logarithm, there re- 
mains 1.55630 the Logarithm of the Quotient, 
which anſwers to 'the Number 36 the Quoaent re- 
quired. 

Again, Let it be required to divide 3055 by 47 3 
by praceeding according to the laſt” Example, the 
Operation will be as follows : 


| 3.48501 the Logarithm of 3055 the Dividend, 
1.67210 the Logarithm of 45 the Diviſor, 


1.81291 the Logarithm of the Quotient. 


which anſwers to the Number 6; the Quotient re- 
uired. 

3 Prob. 3. Three Numbers being given, to find a 

fourth proportional to them, viz. Such as ſhall have 

the ſame Proportion to the third as the ſecond has to 

the firſt. 

Rule. Take from the Tables the Logarithm of 
each of the propos'd Numbers, then add the Lo- 
garithms of the ſecond and third together, and from 
the Sum 'take the Logarithm of the firſt, and the 
Remainder ſhall be the Logarithm of the fourth 
Number requir d. 

Example. Let the three propos'd Numbers be 36, 
48, 66, to which we are to find a fourth proportio- 
nal ; by the preceding Rule, the — will ſtand 
as follows : 


0 1.68124 
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. 19g 68124 che 8 of 48 the 2d Nun 
1.81954 the Logarithm of 66 the 3d Term, 


3.50078 the Logarithm of their Product, 
1.35630 the Logarithm of the 1ſt Term, 36. 


5  1:94448 the Log, of the 4th Term required. 


which, by looking into the Table, I find anſwers to 
the natural Number 88, which is the 4th proportio- 
nal to the three propos'd Numbers. x 

Again, Let it be required to find a fourth propor- 
tional to the three Numbers 24, 144, 123 3 by pro- 
ceeding according to the foregoing _ che Opera- 
tion will ſtand as follows: 


| 2.1 5836 the 8 of the 2d Term, 144, 
2.08991 the Logarithm of the 3d Term, 123. 


4.24827 the Logarithm of their Product, 
1.38021 the Logarithm of the iſt Term, 24. . 


2.86806 the Log. of 738, the 4th Num. requir'd. 


Prob. 4. To find the Square of any Number by 
rithms. ; 
Rule. Multiply the Logarithm of the given Num- 
ber by 2, and the Product is the Logarithm of the 
Square ſought. | 
—— Required to find the Square of 36. 
Firſt I look in the Table for the Logarithm of 36, 
and find it to be 1.55630, which doubled gives 
3.11260 the Logarithm of the Square ſought, which 
by Inſpection I find anſwers to the natural Number 
1296 the Square of 36, viz. the Product of 36 mul- 
tiply'd into itſelf. 
Prob. 5. To extract the ſquare Root of any pro- 
pos'd Number, i. e. to find a Number which, mul- 


tiply'd into ieſelf, ſhall produce the given Nu aer, 
u 
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Rule. Divide the Logarithm of the propos'd 
Number by 2, and the Quotient will be the Loga- 

garithm of the ſquare Root required. 

Example. Required to find the ſquare Root of 
1296, Firſt I look in the Tables for the Logarithm 
of 1296, and find it to be 3.11261, which divided 
by 2. gives 1.55620 for the 1 of the ſquare 
Root, and the natural Number anſwering thereto is 
36 the Root required. 

If for the Sine, Tangent, Sc. of every Degree 
and Minute in the Quadrant, in the natural Tables, 
we take the Logarithm ing to each, we ſhall 
have a Table of Logarithmic Sines, Logarithmic 
T Sc. as it is in the ſecond Table at the 
end of this Book. | 1011 

In which you may obſerve, that each Page is di- 
vided into eight Columns, the firſt and laſt of which 
is Minutes, and the intermediate - ones contain the 
Sines, Tangents, and Secants; the upper and lower 
Columns contain Degrees; the Column of Minutes 
on the left hand of each Page, anſwers to the De- 
grees in the top Column; and the Sines, Tangents, 


and Secants, belonging to theſe Degrees, and Minutes 


are in the Columns markꝰd at the top with the Words, 
Sine, Tangent, Secant; the Column of Minutes on 
the right hand of each Page, anſwers to the 

in the foot of the Page, and the Sines, Tangents, and 
Secants, anſwering to theſe Degrees and Minutes, 
are in the Columns mark'd at the bottom with the 
Words, Sine, Tangent, Secant; the Degrees in the 
top Column beginning at o, proceed to 44 where 
they end, and thoſe at the foot of the Page begin 
at 89 proceed to 45 in a decreaſing Series, the De- 
grees in the different Columns being the Comple- 
ment of each other. From what has been ſaid, we 
may eaſily find the Sine, Tangent, or Secant, of 
any Arch, from our Tables, by looking for the gi- 
ven Number of Degrees at the head or foot * the 
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Page, according as they are leſs or greater than 45, 
and in-the proper fide Column for the odd Minutes, 


if there be any; then below or above the Words, 
Sine, Tangent, or Secant, and on the ſame line with 


the Minutes, we ſhall have that requir'd. _ 
Example 1. Required to find the Sine of 36 deg. 
40 min, To find this, I look at the head of the Page 
for 36 deg. and in the fide Column, on the left hand, 
for 40 min. then below the Word Sine, and on the 
fame line with 40, 1 find 9. 77609, WAI ts that 


ir'd. X 
A Requir'd the Tangent of 354 deg. 30 
min. To find ch, I look at the foot ef the Page 
(beeauſe the Degrees propos'd are greater thah 45) 
for 54 deg. and in the right hand, fide Column for 
30 min. then in the Column mark'd with Tangent 
at it's bottom, and on the fame line with the- 30 min. 
in the ſide Column, I find 10. 14673. which, is the 
Log-Tangent requir d. 

The Reverſe of this, viz. The Logarithm of a 
Sine, Tangent, or Secant, being given, to find the 
Arch belonging to it, is perform'd by only Took- 
mg ir! the proper Column for the neareft Logarithm 
to that propos d, and the Degrees and Minutes an- 
fwering thereto is What was requir d. 

In theſe Tables the Secants might Mere been 
wanting, becauſe all the Proportions in which the 
Secants are concern'd may be wrought without them, 
by the Sines and Fangents only, as. ſhall be ſhewn 
particularly, in the Solution of the ſeveral Caſes of 
plain Frigonometry. 

72. The Chord, Sine, Tangent, Sc. of any Arch 
in one Cirele, is to the Chord, Sine, Tangent, Ge. 
of the ſame Arch in another Cirele, juſt as the Na- 
dius of the one is to the Radius of the other; for 
tis plain, the greater the Radius is, the greater is 
the Cirele deſcribed by that Radius, and confequent- 
ly the greater ä arc of that Cirele is, 

and 


Wd 
— — . • _ - 


AD i egal to CB. 
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and ſo the Sine, Tangent, &c. of that Arch. is alſo 
the greater; therefore, in general, the Chord, Sine; 
Tangent, Sc. of any Arch is proportionable to the 
Radius of the Circle. 
3. In all Circles the Chord of 60 is alwa ys © aval 
ngth to the Radius. Thus 1n the Circle AEBD, 


if the Arch AEB be an Arch of -60.. Degrees, then 


drawing the Chord A B, I fay A B ſhall. be equal to 
the Radius C B or AC; for in the Triangle A CB, 
the Angle A CB is 60 Degrees, being meaſured by 
the Arch A E B; therefore the Sum of the other 
two ein is b.. by Cor: 1. of 6iſt] but 
| | fince A C and CB are equal, 
the two Angles CAB, CBA 
will alſo be equal, conſequent- 
ly each of hom half their Sum 
120, viz. 60 Degrees; there- 
fore all the three Angles are 
equal to one another, conſe- 
quently all the Legs, therefore 


Cor. Hence the Radius from which the "7 Way on 


any Scale were form'd, is the Chord of 60 on the 
Line of Chords. 


74. If in two N ABC, 2 75 all the An- 
gles of the one be equal to all the Angles i in the o- 
ther, each to each reſpectively, that is, the Angle 
BAC equal to the Angle bac, and the Angle ACB e- 
qual to the Angle ach, and the Angle ABC equal to 


the Angle 0c, then the Legs oppoſite to the r 
Angles are proportionable, viz. — * 4b: 22 C 
ac and AB: 46 :: BC: 5e and AC: 
BC: bc; for being inſcribed in two Circles 4 


Plain, ſince the Angle BA C is equal the Angle 

Zac, the Arch BDC is equal the Arch de, and 

conſequently the Chord B C is to the Chord bc, as 

the Radius of the Circle AB C to the Radius of the 

Circle ac (by the 72d); the ſame way the 1 
s 1 
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A is to the Chord 0 in the ſame Proportion. 8so 
AB: 46: : BC: ; the fame way we may prove 
all the reſt to be proportional. NN 


650 


2 905 G 3 45 
75. If from a Point A without a Circle DBCE, 
there be drawn two Lines ADE, ABC, each of 
them cutting the Circle in two Points; then, I ſay, 
the product of the one whole Line into its external 
Part, viz. A C into A B, is equal to the Rectangle 
of the other Line into its external Part, viz; AE in- 
to AD: for drawing the Lines DC, BE, 'tis plain in 
the two Triangles A B E, ADC, the Angle AEB 
in the one, is equal to the Angle AC in the other 
(by Cor. 2. of 63d), and the Angle at A is com- 


mon; therefore, 8 - 
- the other Angle 
8 ADC is equal the A 

Angle ABE (b 3 * 
8 3 n MC E 
8 fore the Triangle | "af 
4 ABE is equiangular to the Triangle A DC; Con- 
C ſequently AC: A E:: AD: AB by the laſt, and 
* therefore A C into A B is equal to A E into AD. 
* 76. Let AB D be a Quadrant of a Circle deſcri- 


bed by the Radius C D; B D any Arch of it, and 
q B A its Complement, BG or C F the Se, CG or 
q B F the Co-Sine, DE the Tangent, and CE the 
4 Secant of that Arch BD. Then ſince the Triangles 
CDE, CG are fimilar, or equiangular, it 

rd | - D — will 
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and fo the Sine, Tangent, Sc. of that Arch i is alſo 
the greater; therefore, in general, the Chord, Sine; 
Tangent, Sc. of any Arch is proportionable to the 
Radius of the Circle. 
1 15 In all Circles the Chord of 6o is always e ava 
. ngth to the Radius. Thus in the Circle AEBD, 
if che — AEB be an Arch of 60 Degrees, then 
drawing the Chord A B, I fay A B ſhall be equal to 
the Radius CB or AC; for in the Triangle A CB, 
the Angle A CB is 60 Degrees, being meaſured by 
the Arch A E B; therefore the Sum go the other 
n is 120 Degrees, by Cor: 1. of 6iſt] but 
f | ſince A C and CB are equal, 
F the two Angles. SAB. CBA 
will alſo be equal, conſequent- 
B ly each of them half their Sum 
120, viz. 60 Degrees z/ there- 
fore all the three: Angles are 
equal to one another, - conſe- 


| quently all the Legs, therefore 
AB "RN to CB. 


Cor. Henee the Radius from which the Lanes. on 
any Scale were form'd,. is the Chord of 60 on the 
Line of Chords. 

74. If in two Triangles ABC, Is all the An- 
gles of the one be equal to all the Angles in the o- 
ther, each to each reſpectively, that is, the Angle 
BAC equal to the Angle bac, and the Angle ACB c- 
qual to the Angle ach, and the Angle ABC equal to 
the Angle abc; then the Legs oppoſite to the equal 

Angles are proportionable, viz, AB: 4b: : A C 

ac and AB: 456 :: BC: bc and 148: 
BC: bc; for being inſcribed in two Circles, * L 
Plain, fince the Angle B A C is equal, the Angle 
bac, the Arch BDC is equal the Arch dc, and 
conf equently the Chord B C is to the Chord bc, as 
the Radius of the Circle AB C to the Radius of the 
Circle ac (by the 72d); the ſame way the 1 


1 
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A is to the Chord «6 in the ſame Proportion. So 
AB: 4b::BC: bc; the fame way we may prove 
all the reſt to be proportionaalun . 


+ N 
1 


58. If from a Point A without a Circle DBCE, 
there be drawn two Lines ADE, ABC, each of 
them cutting the Circle in two Points; then, I lay, 
the product of the one whole Line into its external 
Part, viz. A C into A B, is equal to the Rectangle 
of the other Line into its external Part, viz, A E in- 
to AD: for drawing the Lines DC, BE, tis plain in 
the two Triangles A B E, ADC, the Angle A EB 
in the one, is equal to the Angle AC in the other 
(by Cor. 2. of 63d), and the Angle at A is com- 
_ ; therefore, N 
the other 88 
ny is 2 x ' A< | 
ngle ABE (b * 
Abs. theres 3 1401, 2020 Tg T4 E. 
fore the Triangle & * 
ABE is equiangular to the Triangle A DC; Con- 
ſequently AC: AE: : AD: AB by the laſt, and 
therefore A C into A B is equal to A E into A D. 
76. Let AB D be a Quadrant of a Circle deſcri- 
bed by the Radius C D; BD any Arch of it, and 
B A its Complement, B G or C F the Ste, CG or 
B F the Co-Sine, D E the Tangent, and CE the 
Secant of that Arch B D. Then ſince the Triangles 
CDE, CGB are * or equiangular, 1 
by wk 


—— — 
- 
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Gill de by (Art. 54.) DE: EC:: GB: BC 5. 4 the - 
Tangent of any Arch, is to the Secant of the ſame, 
as the Sine of it is to the Radius. Alſo fince DE 
| E : EC:: GB: BC, therefore by 
inverting -that Proportion we 
have EC: DE::BC:GBz.e. 
the Secant is to the Tangent, as 
the Radius is to the Sine of any 
Arch. 
Again, ſince the Triangles 
D CDE, CGB are ſimilar, there- 
| fore (by Art., 740 it will be CD - 
CE; : CG: CB i. e. KN is to the Secant 
of any Arch, ſo is the Co- Sine of that Arch to the 
Radu And by inverting the Proportion we have 
this, viz, As the Secant of any Arch is to the Ra- 
you A. the Redits tothe-Go-Glac'or thr Apch;” 


"Having thes gone thro? the te ane of FRE 
WY; that are neceſſary for the Knowledge of Navi- 
gation; we ſhall next proceed to ſome Problems that 
are amy 5 the * * _ Art- | 
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Prob. R OM a Point C in a given Line A h le 

_—_— raiſe a Perpendicular to that Line. 
Rule. From the point C take the equal diltances 
CB, ca on each ſide of it. Then ſtretch the 


1 F Compaſſes to any diſtance great- 
Go er than CB or CA, and with 
| A; one Foot of them in B, ſweep 


E H me Arch E F with the other; 
ed! y again, with the ſame _— 
— MEPs and one Foot in A, ſweep th 
A 8 Ah GH with the other, a 
1.1 LL 9 
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theſe two Arches will interſect one another in the 
point D; then join the given Points C and D with 
the Line C D, and that ſhall be the Perpendicular 
required. f | 
2. To divide a given right Lines AB into two 
equal Parts; that is, to biſect it. 

Rule. Take any diſtance with your Compatity that 
you are ſure is greater than half che given Line; then 
ſetting one foot of them in B, 


with the other ſweep the Arch E G 28 
a ne with the Tame © 4 „e 
iſtance and one foot in A, A- 16 
with the other ſweep the Arch 18 i | 2 5 1 
CED; theſe two Arches 4 
will interſect one another in 6 1 a" 
the Points C, D, which join'd "1 5 


by the right Line DC Will biet A B in G. 

3. From a given Point D to let fall a Ferpendi- 
cular on a given Line A B. 
_ . Rule. Set one foot of the Compaſſes i in the Point 
D, and extend the other to any diſtance greater 
than the leaſt diſtance between the given Point an 


the Line, and with that ex- D 
tent ſweep the Arch AEB, —4.* 
cutting the Line in the two 4. 


Points A and B, then 8 d. 44s te 


AB in the Point C, laſt| Join 
Cand D, and that Line C D is 
the Perpendicular uired. 

4. Upon the 2 
B of a given right 
Line B A; to raiſe 
a Perpendicular 
Take any 
ow in yourCom- 

Foot in B fix the o- Ak ͤ 
cher in any Point C., 


D 2 
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without the given Line, then with one Point of the 
Compaſſes in C, deſcribe with the other, the Circle 
EB D, and thro* E and C draw the Diameter ECD 
meeting the Circle in D; join D and B, and the 
right Line DB is that required; for EBD i is a right 
— (by Cor. 4. of 630). 


Another Way. 


Upon the Point B as a Center, and with any di- 
ſtance B A, deſcribe the Circle ACD; ſet off the 


. . Radius from A to C and 

Pu from C to D, then with 

| *K f . * 

E Compaſſes, and one foot 

n in C, deſcribe with the 

* MY other foot' the Arch FG, 

SP and with the ſame opening 

B — on the Center D deſcribe 

A the Arch K H which will 

cut * former in E, then join EB and that ſhall be 
the — requir'd. 

Another Way. 


From the Point B ſet off with your Compaſſes five 
{mall equal Parts, then with the diſtance of all the 
five-taken in your Compaſſes, ſetting one foot at 

9: BR | the fourth Diviſion, 

5 ti C vix. in the Point 4, 
0 wuoith the other de- 
9 ſcribe the Arch DE; 
| | 8 Again, Taking the 
BL 2 length of three of 

7 -4 5 4 12 them in your Com- 

paſſes, viz. B 3, and 
ſetting one foot of them in B, with the other de- 
ſcribe the Arch FG interſecting the former in the 
Point C, join 3 


8 5 5. Ty 
. E 


. 
- 
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B. To draw one Line parallel to another given 
Tine A B, that ſhall be diſtant from one another by 
any given diſtance D. | eau, be 
Rule. Extend your Compaſſes to the given di- 
ſtance D; then ſetting one foot of them in any Point 
of the given Line (ſuppoſe A) with the other ſweep 
the Arch FCG ; again, at the ſame Extent, and 
one foot in any other Point of the given Line B, 
ſweep the Arch H D K, and draw the Line CD 
touching them, and that will be parallel to the gi- 
ven Line A B, and diſtant from it by the Line D 
as was requir'd. 


A. | 2 


1 r T7. 
3 
D | F H A, 15 GT 


| . , . 
Le r 
C D 

6. To divide a given Line AB into any Num- 
ber of equal Parts, ſuppoſe 7. | 

Rule. From the Point A draw any Line AD, 
making an Angle with the Line AB, then thro? the 
Point B draw a Line B C parallel to A D; and from 
A, with any ſmall 
opening of the 
Compaſſes, ſet off 
a Number of e- 
qual Parts (on the 
Line AD) leſs by 
one than the pro- 
posd Number 
(here 6.), then 6 1 
from B ſet off the © Wo - 
ſame Number of the ſame Parts on the Line BC; 
laſtly, join 6 and 1, 2 and 5, 3 and 4, 4 and 3, 
5 and 2, 6 and 1, and theſe Lines will cut the given 
Line as requir'd, R 

. =: 7. To 


— * 


2 * 2 Moe. aw . V7. 
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7. To quarter a given Cir- 
wy or to divide it into four / 
cqual Parts. 5 

. Kute, Thro' the Center C 
of the given Circle draw a Di- 
ameter A B, then upon the 
Point C raiſe a Perpendicular 
DCE to the Line AB; and 
theſe two Diameters A B and DE ſhall quarter the 
Circle. 

8. Throꝰ three given Points A, B, and D to draw 
a Circle. (Note, the three Points muſt not lie in the 
ſame ſtrait Line.) 

Rule. Join A and B alſo Band D with the ſtrait 
Lines A B, BD, then by Prob. 2. biſect A B with 
the Line EC, alſo BD with the Line FC, which two 

Lines will cut one another 
in ſome Point C, that is the 
Center of the Circle re- 

uir'd; then fixing one 

Point of your Compaſſes in 

D, and ſtretching the o- 

ther to A, deſcribe the 
Circle ABDG, which will 
paſs thro? the three Points 
given. The Reaſon of this 
is plain from Cor. 1. of Art. 

65. 

9 From the Point A of the given Line A B, to 
draw another Line (ſuppoſe A C) that, ſhall make 
with AB an Angle of any Number of Degrees, ſup- 
poſe 45. 

Rule. Let the given Line AB be produced, then 
take off your Scale the length of Chord of 60 

2 is equal to the Radius of the Circle 
the Scale was made for (by Art. 73). And ſetting 
one foot in A, with the me ſweep the Arch BC; 
then with your as * from your. 8005 
1 2 Or 


I * * 


42 
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Chord of 45 Degrees, and ſet off that diſtance from | 
B to C. | Laſtly join A and C, and the Line A C is 
that requir d. For the Angle CAB, which is mea- 
ſur'd by the Arch BC, is an Angle oF 45 Degrees | 
as was requir d. 

| 40 


2 


„eee 


8 I » WIR 

12 
10. An Angle B A C being given, to find how 
many Degrees it contains. 

Rule. With your Compaſſes take the length of 
the Chord of 60 7 — your Scale. * Rong one 
foot of them in A, 
with the other 
ſweep the Arch 
B C, which is the 
Arch compre - 
hended between A — 
the two Legs AB, | 
A C produc'd if needful. Laſtly, take with your 
Compaſſes the Diſtance B C, and applying it to 
your Line of Chord on the Scale, you'll find how 
many Degrees. the Arch B C contains, and conſe- 
quently the Degrees of the Angle BAC: which was 
requir'd. 

11. Three Lines x, y, and 2 being given, to form 
a Triangle of them, but any two of theſe Lines ta- 
e muſt always be greater chat the 
thir | 
Rule. Make any one of them, as x, the Baſe ; 
_— with * Compaſſes take another of them, as 2, 10 

| D 4 and 


4 
» 


Geometrical . Problems: 
and- ſetting one foot in one end of the Line &, 


40 


| as B, with the other ſweep the Arch DE; and 
| taking with your | Compaſſes the Length of the 

other y, ſet one foot of them in A, the other end 
of the Line x, and with the other ſweep the Arch - © 
FG, which will cut the other in C; laſtly, join * 
CA and CB, and the Triangle CAB is chat re- 
quir d. 8 425 | 

X 


— — 


A . 
' ws 
Loy 4 
2 


— 


12. To make a Triangle having one of its Legs 
of any Number of equal Parts (ſuppoſe 160), and 
one of the Angles at that Leg 50 Degrees and the 
other 44 Degrees. | BY 

Rule. Draw an indefinite Line E D, then take 
off the Line of equal Parts with your Compaſſes; 
160 of them, and ſet them on the indefinite Line, 
as B C then (by Prob. g.) draw B A making the 
Angle AB C of zo Degrees, and by the ſame, draw 
from C the Line AC, making the Angle A CB of 
44 Degrees; which two Lines will meet one another 
in A, and the Triangle ABC is that required. 


Geometrical Problems. Ar 
13. Upon a given Line AB to make a Square. 
Rule. Upon the Extremity A of the given Line 

AB raiſe a Perpendicular A C (by Prob. 4.); then 

take A C equal to AB, 15 

and with that extent, ſet- G: 

ting one foot of the Com- : 

paſſes in C, ſweep with © 3D 
the other foot the Arch 1 
GH, then with the fame {| H 

extent and one foot in B, 2 

with the other ſweep the 

Arch EF, which will 

meet the former in ſome 5 

Point D ; laſtly, join C and D, D and B, and the 

Figure A BD C will be the Square requir'd. 
14. On a given Line AB to draw a Rhomb that 

_ have * of its Angles equal to any Number 

of Degrees, ſuppoſe 60 Degrees. 

Rule. 8 Point A of the given Line AB 
draw the Line Ac, making the Angle CAB of 60 
Deg. (by Prob. g.); then take A C equal to A B, 
and with that extent fixing one foot of the Compaſſes 
in B, with the other deſcribe the Arch GH, and at 
the ſame extent fixing one foot of the Compaſſes in 
C, with the other deſcribe the Arch EF cutting the 
former in D; laſtly, join C D and DB and the Fi- 
gure A C DB is that requir d. | 


V 


15. Given 


— 
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15. Given two Lines x and x, of thefe two to 
make a Rectangle. 

Rule. Draw a 7 as AB, eqalin Leh to 
one of the given Lines x, and on the extremity A of 
that Line raiſe a Perpendicular A C, on which take 
AC equal to the other Line z ; then take with your 
Compaſſes the Length of the Line AB, and at that 
extent fixing one foot of them in C, with the other 
ſweep the Arch EF; and alſo taking with your Com- 
paſſes the extent of the Line A C, fix. one foot of 
them in B, and with the other ſweep the Arch GH, 
which will meet the former in D; laſtly join CD and 
53 and the * ABDC will be that r 


A r 175 
8 P © 12 'D of 
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| - 16. Tuo Lines N of dhe ew: 


form a Rhomboides that ſhall have one of its Angles | 
any Number of Degrees, ſuppoſe 50. 

Rule. Draw a Line A B equal in Length to one 
of the Lines as x, then draw the Line A C, making 
with the former the Angle BA C equal to the pro- - 
poſed, ſuppoſe 30 Degrees, and on that Line take 
A C equal to the given Line z, then with your Com- 

es take the Length of AB, and fixing one foot 

in C ſweep the Arch EF; alſo taking the Length 

of AC, and ſetting one foot in B, with the other 

m_ the Arch G H, which will cut the former in 

9 ; then j in CD and DB, fo the Figure ACDB 
i required. | | 
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2 


” a nn __ nd 


And thus we have gone thro? all Geometry that 


is neceflary for our preſent Buſineſs, both as to 
Theory and Practice. The next thing we go on, is 
the N of Plain Trigonometry. 


1 


1 1 


SECT. Il. 
Of Plain Tx1Gco0nOMBETRY,' Right and Obli 
| Angled, © r * 


LAIN TRIGONOMET RY is that Sci- 
ence by which we meaſure the Sides and An- 

gles of plain Triangles. | 
2. Since Triangles are cither right or ablique an- 


_ gled; therefore Trigonometry is commonly divided 


into two kinds, viz. Rectangular and Oblique-angular : 
and firſt we ſhall treat of Rectangular. 


3. In any right-angled Triangle as ABC, if the 


Hypothenuſe be made the Radius, and with: that a 


Cirdle be deſcribed on the one end A as a Center; 


then *tis plain that B'C will be the Sine of the Angle 
BAC (by Art. 21, of Se. I.) and if with the fame 


— 


ya x 121 " 


— N * * * * . 
„ * 


Plain Trigonometry. 
ba diſtance, and on Basa 
— B Center, a Circle be de- 
* ſcribed, *tis plain that 
92 A C will be the Sine of 
 theAngle ABC; there- 
fore, in general, if the 
, Hypothenuſe of a right 
E. angled Triangle be made 
: the Radius, the two Legs 
—— ones lords no e 
oppolite Angles. 
4. If in a right-angled Triangle DEF, one of 
* Legs, as DF, be made the Radius, and on the, 
Extremity D (at one of the oblique Angles, vi. 
that Which is form'd by the Hypothenuſe and the 
Leg made Radius) as a Center, a Circle be deſcrib- 
ed ʒ tis plain, that the other Leg EF will be the 
Tangent of the Angle at D, and the Hypothenuſe 
| | * E will be the Secant of the ſame 
ngle (by Art. 24, 25, and 67 of 
— I.) The ſame way, making 
the Leg E F the Radius, and on 
the Center E deſcribing a Circle, 
the other Leg G F will become 
the Tangent of the Angle at E, 
and the Hypothenuſe DE che 
Secant of the ſame. f 
g. It has been already ſhewn, at Art. 72. of Ser, 
I. that the Chord, Sine, Tangent, Sc. of any 
Arch, or Angle, in one Circle, is proportionable 
to the Chord, Sine, Tangent, Sc. of the fame 
Arch in any other Circle; from which, and the 
two foregoing Articles the Solutions of the ſeveral 
Caſes of rectangular Trigonometry naturally follows. 
6. Since Trigonometry conſiſts in determining 
Angles and Sides from others given, there ariſes va- 
rious Caſes, which are ſeven in 3 and fix | 


ä Trigonometry. 


We 


Plain Trigoometry. 45 
We ſhall now proceed to the Solution of the ſe- 
ven Caſes of Nene Fender. 155 


CASE * 


The Angles and one of the Logs given, 10 fnd_the 
other Leg. 

Example. In the Triangle A B.C-rightang Sed at 
B, ſuppoſe the Leg AB, 86 equal Parts, (as Feet, 
Yards, Miles, Cc.) and the Angle A 337, 40! re- 
FO the other Leg BC in the ſame Parts =P 
AB. | 


i-+- 


Geometrically. . 


Dram A B equal to 86, from any Line of equal 
te then On Prob. 4. of Seck. I. ) upon the Point 


B, erect the Perpendicular 


9 0 B C; laſtly, from the Point 
x. Adra the Line AC, ma- 
. king with A B an Angle 
equal to 339, 400, and that 
Vine produc'd will meet BC 
IB. in C, and fo conſtitute the 
3 Triangſe. The Length of 
* BC may be found by ta- 
ee .. king it in your Compaſſes, 

and applying it to the ſame Line of equal Parts that 
AB was taken from. 


7 


By Caleulatio. 


Firſt by aiding the Hypodaiule A 0 Nadi 
the other two Legs will be the Sines of their o 


. fite Angles (by Art. 3. of this) viz. A B the Sine of 


C, and CB the Sine of A; now ſince (by Art. 72. 
on See. I.) the Sine, Tangent; Ee. of any Arch in 
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46 Plain Trigoometry. 

one Circle is proportionable to the Sine, Tangent, 
Sc. of the ſame Arch in any other Circle, tis plain 
the Sines of the Angles A and C in the Circle de- 
ſcribed by the Radius AC, muſt be proportional to 
the Sine of the ſame Arches or Angles, in the Circle, 
that the ſecond Table at the end of this Book was 
calculated for; fo the Proportion for 6 BC 


wil be ; 
S, C:AB: 28. A: BC. 
1. e. As the Sine of the Angle C in the Tables, is to 
the Length of AB (or Sine of C in the Circle whoſe 
Radius is A C) ſo is the Sine of the Angle A in the 
Tables, to the Length of B C (or Sine of the ſame 
Angle in the Circle whoſe Radius is AC). | 
Now the Angle A being 33*, 40!, the Angle C 
mult be 569, 20/ (by Art. 61. Cor. 2. Set. 1.) there- 
fore looking in the ſecond 'Table at the end of this 
Book for the Sines of the two Angles, and in the 
firſt: for the Logarithm of 86 the given Leg, we 


ſhall find by procling according to the foregoing 


Proportion, that the required Leg BC, is 57.28; 
and the ern will ſand as follows. 
9 
1.93450 AB 86 


2.74380 8, A 330 „40. 
11.67820 

9.92027 8, C be, 20 
1.73803 BC 57.28 | V4 Ke, 
2dly, Making AB the Radius, 'tis binn B C, the 
Leg required, will be the Tangent of the given 
Angle A (by the 4th of this), and fo the Propor- 
tion for finding BC, when AB is made the ra 


will be, 

R: T, A::AB:BC N ial 
7. e. as the Radius in the Tables, is to the Lungen 
„** is the Length of BA. 


Or 


RR a; 
Plain Trigonometry. 47 
or Radius in the Scheme, to the Length of B Cor 
Tangent of A in the Scheme; therefore looking in 
the Tables for the Parts given in the foregoing Pro- 
portion, and proceeding with them according to 
that Rule, we ſhall find B C to be 57.28 as 5 50 


* the Operation will be as 1 as 
| 982352 "TA (23% got" > 
| - 1.93450 "A B'! 86 1 
1 27 4 ; i 1 
10% %% Rad. 9% . 


1.75802 BC. 57.28 


Laſtly, by making BC, a Leg ir'd, the 
Radius, tis plain that AB will be the Tangent of 
C, and the Proportion for finding” BC wil be as 


- follows : 
T, O: R: AB: 38. 


- \ 7 


7. e. Ache Tangent of C £62, 200 10 1765 


is to Radius 90 - 110,00000 
fo is the Length of AB 86 1.93450 
Jar n e 01 SQ 200 
| 10. 171648 
to the Length of BC 6 575.28 - 1.75802 
CASE 4 fe 


The gbr and one of tht Ts given, i fl the | 


Fiypothenufe.” © © ef ty 


Example. In the Triangle AB C, ſuppoſe A B 
124, and the Angle A'34%, 200; conſequently the 


Angle C559, yo! requir'd the I? A 
in the ſarne Parts with AB. 0 


EA 2 Geometrically, 


F ee. ER I ID 


b a— a> 
2 
— — . — 


= 
—— K — — —„V— 
= - GS — r — 2 4 
. DT * — — — — 


N ** 
. 


This Caſe is conſtru- 
., - ted after the ſame man- 
ner with the former, and 
the Hypothenuſe AC is 
found by taking it's 
Length in your Compaſ- 

' ſes, and applying that to 
: the ſame Line of equal 

— Parts vou took AB Tom. 


By ce. 
* By . AC che WG ſhall — the 


following Proportion for finding A C, vig. 
8. C: R:: AB: A C 4. 


15:6 the Sie of © 559, 400 9.91686 
is to Radius _ - -- - 90 - =. 10.00000 
ſors AB - -- | - 124 209342 
to AC - - =, 130.2 | 2.17056 


2aly,' Making AB the Radius we have this Pro- 
IP viz. 
Ni: Sec. A: AB: AC, 55: 


7, e. as Radius 90 - = 10.00000 
is to the Secant of A 34%, 20! - 10.08314 
OBAB - 124 209342 
W AW 150.2 2.17656 


n be fone üben che eg f the Se- 
cants; for ſince (by Art. 76. See, 10 R: Sec.: 
Co-S. : R; therefore the former * will le. 


come 
Co-S. A:R::AB:AC 
D | |; 1. e. Ag 


1 
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i. e. As the Co-Sine of A 34%, 20! 9.91686 
is to the Radius — — go? — 1000 
ſo is As — — — m 5 
to AC — — — — 150.2 — 2.17666 


32dly, Making BC the Radius, we have the fol- 
lowing Proportion, . viz, 
T., C: Sec. 6224 B: AC, 


i. e. as the Tangent of C 565 2 10.16558 
is to Sec. C — — _— 55% 49 10.24872 


fois AB — — — 124 — 2.09342 


to AC — — — _— 2.17656 


This likewiſe way be done without the help of + 


Secants, for ſince (by Art. 76. Se. I.) T,: 8 
S,: R; therefore the former Analogy will be re- 
duc'd to this, vix. 

. ei 
. where no Sceants' do appear, and it coincides wih 
that in the firſt Suppoſition of this . fo we ſhall | 
not repeat the Operation. 


(CASE. "Y 


The Augles and rale giv to find either if i2 


the Legs. 
Example. In the Triangle ABC, fuppoſe the Hy- 
pothenuſe A C 146 equal Parts, and the Angle A 


36% 25', conſequently 2 8 53˙ ; oe n- 


— Leg _ 
l [ — , 4 


* * 4 
3 Geometricalh . 42 


Dm the Line: AB/ at pleaſure, and malte che 


Angle BA C equal to 36%, 25! (by Prob. g. Sed. I.) 
1K 


then take AC * 1 from any a 


— 
i 


— — > RF 2 ”— n 
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50 Plain Trigonometry. 
Parts; laſtly from the Point C let fall the Perpen- 


dicular CB on the Line AB. So the Triangle is 
conſtructed, and A B may be mcafured from che 


3 36 ht 


Ones OIL. » Calculation. 


. Making AC the. Radius, we un as 
r on, . : 
Fling RES C:-: : AC: AB. 


1. e. as Radius - » 90% - - 10.00000 
is to the Sine of S- ee - 9.90565 
ſo is AC. - - - - 146 — - 2.16435 
to AB . s 2, o. 
24h, Making AB the ae we fav the fol- 


10 N vi ö 
rt ; Ak. ; AC: AB,” m9 00 


KL 2 
. e. EE ITN 251 - 10.0943 5" 
is to Radius - - 90 10.0% , 
ſos AC - - - - 146 - - 2.16435 
to A8 - 117.858 2.0000 
3 his may be done hom the help of Secants, for 
ſince (by Art. 76582. I.) Sec.: R:: N: Cos; 


therefore the __ eee be. reduced to 


this, vis. . 
41 ll 18 R 


* 


| R: Co-S; A:: AC: AB, 


which is — ſame with the Proportion in in the gert 


Suppoſition. 
3aly, By ſuppoſing BC the Radius, | We have the 
followin ing Proportion, 3. | 
Ser C T. AC: AB, 1 o 
A Ms dite Seranr- of G 1 2 10.226475 
5 


| n 16.132 12 
ſo is Ac A ad - 2.10435 
to A8 * „ 2175 - 2.07000 

42 4 A 8 E 4. 


. r 2 . 


7 be two Legs Legs baing given, to find the Hp Jes. 
e In the Triangle AB C, ape AB 
94 and BC 56, requir'd* the Angles A and O. 4 


Geometrically. 


Draw A B equal to q, from any Line of 
Parts,. then from the Point, B raiſe BC perpendicu- 
lar to A B (by Prob. 4 Selz. L) and take BC, from 
the former Line of e 975 Ne 
equal to 503 la y, jon 1 


the Points A at C Wich che 5 

ſtreight Line AC, ſo the Tri- 5 

thoſe 18 cHufktucted, and the 2 1B 

Angles . be meafar d by K | 

Prob. 1b. Ker . I. hu | | N 
Dine 4 [it of JN 


; ' | | .. ä — ̃ —-—— —— 
29 A on an h 11 115 a FJ 
£ Wl ion. : * 
of - TY N a * 


* 


uh, Suppoſing AB the Radius we 


nalogy, viz. 
| A B: BC. IR: T. A, | 
n . of 1.97313 
aso ve ing 58 14 g +24 74819 
ſo is the Radius go" _ | -16.00000 
do the Tangent of A 30% 47! © i - 9.97506 


* * | ＋ 2dly,- | ., 
* | 


Plain Trigonometry, 5 


* 
3 


T7 . Plein Trigonometry. 


adh, 3 we have _ _ 
| 0m 
| BC: BA: R 1. C, 


1 BC — — 36 — — 134619 
is to A3 — — 94 — — 1.97313 
ſo is the Radius — 90 — — 10.0 
to the Tangent Wwe 59s bg — 10.22494 


? CASE 5 F 


The Hypothenuſe, and the Me Low gies, n, to fnd 
4, the Angles, 
Example. In the Triangle DEF, kappa the 
3 "Leg DE gz, and the een DF 126, re- 
= quird the Angles D and F | 


Commis BY 


" Draw the Line DE. 83. from any Line of equal 
Fark, _ from the Point E raiſe the ndicular 
EF, then take the Length of 
DF 126, from the ſame Line 
of equal Parts, and ſetting one 
foot of your Compaſſes 1 
with the other croſs the 
; pendicular EF in E; 
„ Join D and F, ſo the Triangle 
5 conſtructed, and the Angles 
2 n 10. 


if, Making DF the Radius, we have this Pro- 


addr | 
DF: DE::R: :S,F, 2441 03 
2 | i. e 


* 


Plain Trigonometry. 53 | 
i.e. aa DF — — — 126 — 2.10037 | 
is to DE —'— — 83 — 1.91908 | 

Jo is the Radius — — 90 — 10.00000 | 
to the Sine of F — 41% 121 — 9.81871 


2dly, By { ſuppoſing 3 Radius, we have the 
following Analogy, 
D DF: R: Sec. D, 


i.e. DE — — — 83 — 191908 

is to DF — — — 126 — — 2.10037 | 

ſo is the Radius — — 90% — — 10.00000 | 

co the Secant of D — 438, 48! - 10118129 | 


This may be done withont the help of Secants, 
for ſince by Art. 96. Set. I. R: Sec.: Co-S: R; 
therefore the preceding A will became this, 


vix. 
DF: DE: R. co-8. D, 
in which no Secants do appear; and it RY rh o- i 


incides with the Proportion deduc'd from the firſt 
Suppoſition. | 


CASE 6. 


The two Legs given, to find the Hypotbenuſe. 
Example. In the Triangle ABD, ſuppoſe the Leg 
AB, 64, and BD, 56, requir'd the Hy pothenuſe. 


| Geometrically. 

The Conſtruction of this Caſe is at's the 
ſame way as in the fourth Caſe, * 
and the Longs of the Hypothe- "WR 
nuſe A B is found by taking it in . 
your Compaſſes, and applying it . 
to the ſame Line of equal Parts, A B+: 


that the two Legs were taken from. 
W | E 3 By 


te 


i Plain Trignonetry. 
F Colao. _ 1 
"This Caſe being a Compound of the 40h and 24 
_ Caſes, we muſt fff find the Angles by the 4b thus: 
its nad on ADC Bo : Take) off 


1. e. as theLeg AB .- 64 1.80618 
is to the Leg DB - 56 - - 1.74819 
ſo is the Radius 90 - | 10.00000 
to the Tangent of A --- 41%, 11! 9.94201 


Then by the 24 Caſe we find the Hypothenuſe 
requir'd thus : 
. Ar R: 5D. AD, 


. e. as the Sine of A 419, 11! - 9.81854 
is to the Radius - 90 10 

ſo is the Leg BD' - 56 = 1.74819 
to the Hypothenuſe A D 85.05 - - 1.92965 


This Caſe may allo be folv'd after the following 
manner, viz. 

From twice the of the greater ſide AB 3.61236 
ſubtra& the Log. of the leſſer ſide BD - 1.74819 


and there remains - — 1.86417 
the Logarithm of 73.15 to which adding the leſſer 
ſide BD, we ſhall have 189. 15 whoſe Log. is 2.11093 
to which add the Log. of the leſſer fide BD 1.74819 


and the Sum will be — - 385912 
the half of which is 2 1.92936 


the Logarithm of the Hypothenuſe required. . 
Or. it may be done by adding the Square of the 
two Sides together, and taking the Logarithm of 
that Sum, the half of which is the Logarithm of the 

Hypothenule requir'd thus in the preſent Caſe : 
„ | R 


* 


Plain neee, 


The ſquare of AB (64) 1 3 4096 


the ſum of theſe ſquares, is 
the we) gr ur of which, is _ 
the of which, iss - = 

the Logarithm of 85.05. the Length of the 
thenuſe requir d. | 


CASE 7. 


The gene an one of the W 10 fund 
the other Leg. 
Example. In the Triangle B G D, ſuppoſe the 
Leg BG, 87, and the Hypothenule BD 142, re- 
quir'd the Leg DG | 


Geometrically, 


The Conſtruction here is the ſame as in Caſe Gn 
the ſame things being given; and the Leg DG is 


ag by taking its Length in your Contpatlcs, and 
applying that 5 the ſame Line of equal Parts, 
the others were taken from. 


E 4 D 


t 


The Solution of this Caſe depends upon the uf 
and 5th, and firſt we muſt find the * An- 


Caſe gth thus 
0 DB: BG:: R: S. D, 


i. e. as the Hypoth. DB — 142 — 2.15229 
is to the Leg BG — — 87 — 1.93952 
ſo is Radius — — — 90 — 10.00000 


to the Sine of D „ 37%, 47! * 9.78723 

1 1ſt we find the Leg D G requir'd 

thus: X 
R: S. B:: BD: DG, 


1. e. as Radius go — _10,00000 
is to the Sine of B — 52», 13! — 9.89781 
- ſo is the Hypoth. DB 142 — — 2.15229 
t the Leg DG — 112.2 — — 2.05010 


The Leg DG may allo be found in the following 


manner, viz. 


to the Log. of the Sum of the Hypo- 
thenuſe and given Leg, viz. 229 2.35984 


add the Log. of 2 VIZ. 55 1.74036 


and their Sum is — — — — 4.10020 
the half of that is — — — — 2.05010 


the Log. of 112.2 the Leg requir'd. 


Or it may be done by taking the Square of the 
given Leg from the Square of the Hy pothenuſe, 
and the ſquare Root of the Remainder is the Leg 
requir'd thus in the preſent Caſe ; 


the 
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the Square of the Hypothenuſe 142, is 20164 
the Square of the Leg BG 87, is — —— 7569 


the Difference of them is = © - - 12595 

whoſe. ithm is 4.10020 
and half of that Logarithm is 2.06010 
which anſwers to the Natural Number 112.2 the 
Leg requir'd. | 

Thus we have gone thro? the ſeven Caſes of right- 
angled Plain Trigonometry, from which we may ob- 
ſerve * | 
1. That to find a Side, when the Angles are gi- 
ven, any Side may be made the Radius. 

2. To find an Angle, one of the given Sides muſt 
of neceſſity be made the Radius. | 
We now proceed to the Solution of the ſix Caſes 

of Oblique-angled Plain Trigonometry, in order to 
| which we muſt premiſe the following Theorems. 

Theorem 1. In any Triangle, the Sides are pro- 
portional to the Sines of the oppoſite Angles, Thus 
in the Triangle A BC, I ſay AB:BC::S.C:S. A, 
and AB: AC:: S. C: S. B; allo AC:BC:: 
S. B: S. A. | | | 

Demonſtration. Let the Triangle ABC be in- 
ſcrib'd in a Circle; then *tis plain, from Art. 66. 
Sect. I. that the half of each fide is the Sine of its 
oppoſite Angle, but (by Art. 72. Sect. I.) the Sines 
of theſe Angles in Tabular Parts, are proportional 
to the Sines of the ſame B 
in any other meaſure ; 
therefore in the Trian- 
gle AB C, the Sines of 
— 5 will be as the 

ves of their oppoſite | 5 
ſides; and es * Ac — 
halves are as the wholes, it follows that the Sines of 


the Angles are as their oppoſite ſides, f. e. S. C: 
8. A:: AB: BC, Ge. 25 * 
— Theor, 


88 


» © Theor. 2. In any 
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plain Triangle, as ABC, the ſum 
of the Sides, A B and BC, is to the difference of 
thele Sides, as the Tangent of half the ſum of the 
Angles at the Baſe, viz. A and C, is to the Tan- 
gent of half the difference of theſe Angles. 
Demon. Produce AB/and make BH equal to BC, 
join HC and from B let fall the perpendicular B E, 
thro B draw B D parallel to AC, and make HF 
equal to CD, and join B F, alſo take BI equal to 
B A, and draw I parallel to BD or A C. | 
Then 'tis plain that AH will be the ſum, and 
HI the difference of the Sides AB and BC; and 
ſince HB is equal to B C, and B E perpendicular to 
HC, therefore H E is equal to EC; and BD be- 
ing parallel to AC and I G, and A B equal to BI, 


therefore CD or HF is equal to G D, and conſe- 
quently H G is equal to F D, and half H G is equal 


to half FD or ED. Again, Since HB is equal 
to BC, and BE perpendicular to H C, therefore 
the Angle E BC is half the Angle HB C; but (by 
Art, 60. Set. I.) the Angle HB C is equal to the 
ſum of the Angles A and/C, conſequently the Angle 


'EBC 1s equal to half the ſum of the Angles A and C. 


Alſo ſince: HB. is equal to BC, and H F equal to 
CD, and the included Angles BHF, BCD 
equal, it follows (by Art. 62. Se. I.) that the An- 
WEFIAL is equal to the Angle DB C, which is 

to BCA (by Art. 36. Ser. I); and fince 
5 is e PIT. 9 Angle A (by Art. 37. See, I.) 
and HBF — to B CA, therefore F b D is the 
difference, and EBD half the difference of the two 
Angles A and BCA; ſo An EB the Radius, 
tis plain EC is the Tangent of half the ſum, and 
ED che Tangent of half the difference of the two 
Angles at the Baſe. Now IG being parallel to AC, 


the Triangles HIG and HAC will be equiangylar, 


conſequently (by Art. 74. Se. I.) AH: IH: 


< . G H, but the wholes are as their halves, 


re therefore 
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therefore -AH :1H: : CH: 10H; and ſince 
CH is equal to EC, and » G H equal to à FD 
equal E D, therefore A H: TH :: EC: ED. 
Now A H is the ſum and I H the difference of the 
ſides; alſo EC is the Tangent of half the ſum, and 
E D the Tangent of half the difference of the two 
Angles at the Baſe ; conſequently in any Triangle, 

as the ſum of the Sides, is to their difference, ſo is 
the Tangent of half the ſum of the Angles at the 
Baſe, to the Tangent of half their difference. 


Hm +6 t49- i enuhentK 


Theor, 3. If to half the ſum of two Quantities be 
added. halt their difference, the ſum will be the 
greater of them, and if from half their ſum be ſub- 
tracted half their difference, the Remainder will be 
the leaſt of them. | | 

Demon. Let the two Quantities be repreſented by 
the Lines A B and BC (making one continued Line) 
whereof AB is the greater, and B C the leſſer. Bi- 
ſect the whole Line AC in E, and make AD equal 
to BC; then *tis plain AC is the ſum and DB the 
difference of the two, Quantities, and AE or EC 
their half ſum, and E Dor EB their half difference, 
Now if to AE we add E B, tis plain the ſym 
will be AB, that is, if to half the fum we add the 
half difference, the ſum will be the greater 


tity; alſo if from EC we take EB, the Re- 


2 mainder 


59 


60 Plain Trigonometry. f 
| *nainder will be BC, chat is, if from half the ſum 
we take half the Difference of two Quantities, the 


Remainder will be the leaſt of them. 
A [ | = ho 
D * 1Þ 


Theor. 4. In any right-lin'd Triangle, A B D, the 
baſe AD is to the ſum of the ſides AB and BD, 
as the difference of the ſides, is to the difference of 
the Segments of the baſe made by the perpendicular 
BE. viz. the difference between AE and ED. | 
Demon. Produce DB till BG be equal to BA 
the leſſer Leg; and on B as a Center with the di- 
ſtance B A or B G deſcribe. the Circle AGH F, 
which will cut B D and A D in the Points Hand F; 
then tis plain, G D is the ſum, and H D the diffe- 
rence of the ſides; alſo ſince A E is equal to E F 
(by Art. 64. Se. I.), therefore F D is the difference 
of the Segments of the baſe ; but by Art. 75. $22, 1. 
AD: GD: : HD; FD; therefore the baſe, is to 
the ſum of the ſides ; Sc. as was to be proved. 


nn. 


In any oblique-angled plain Triangle; two Sides, and 
«n Angle oppoſite to one of them, given, to find the 
Augie oppoſite to the other, | 4 

urn! | Example, 


* - 


Example, In the Triangle ABC, ſuppoſe AB 


166, BC 84, and the Angle C, oppoſite to BA, 
50 30 /; requir'd the Angle A oppoſite to B C. 


Geometrically. 


Draw the Line A C, and at any Point of it, ſup- 
whe „make the Angle C equal to 536°, go! (by 
5. 10. SefF. I.) 3 

take C B equal to 
843 and with the 
Length of 136 (ta- 
ken from the ſame i 
Line of equal Parts A 

with CB) in your Compaſſes, fi one foot in B, 
with the other croſs A C in A. Laſtly join A and 
B; ſo the Triangle is conſtructed, tad he rd 
Angle A may be meaſur'd by Prob. 11. Se. 


By Calculation, 


By Theorem 1. we have the followi . 
for nding the Angle A, viz. er 


AB:S.C::BC:S.A, 


i. e. as the Leg A B — 156? — 2.39312 
is to the Sine of its — Angle C., 
56e: 200 ——— —— 9.92111 


ale. — — 84 — a 


11.848339 
1.2 2.19312 


to the Sine of its opp. Angle A nos 4179. * 


ut MM CASE,” 2. 
” | 


8 nd ait pit te them, given, 
A anotben. f 


” : > 


— — — D@t 
ys ee 


- ü „L 4 —— 6 66 „„ 
© * ———— — * - 


— = 
"= — 
= 


ey er ey ep ᷑ ã• : 2K 2 — — — 


— ——— — „ 2 „ 
- 
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Example. 


In the Triangle HB G, ſuppoſe the 
Angle H 46%, 15', andthe Angle B 54%, 227, con- 
— the Angle G 1 - 25", and the Leg HB 
125, requir'd _ 


1 Gumprical, Rp wh 
Tikes Hr fg, from any Ebe- of el. P 
and malte the Angle 
110 469, 15% and B 54%, 221, 
then produce the Lines HG . | 


and B G till they meet 
another in the Point G; fo 


1 * Triangbe is conſtructed 
Re ws HG is meaſured by 
Dis £m: LIK. taking! its Length in 
ir to the fare Line e 
from. | | 


By  Caleulation: 


By the frſt of the preceding Theorems, we ave | 
this Analogy for finding H G, wiz. | 
8. G: 1 fo, 


i 6 es the Si oof G - ＋ 79% 188 9.99258 

is to the Leg EB. 2 1355 Jas, 2.0969 1 

Weis the Sine of B- 64 „ 221 9.90996 
— Ho" —— 1034 2.01437 


erer d. 11 
| Siken bY CASE 3. 

Tides ada ok oppofitt to one of them We 
to find the third Side. 

Example. In the: Triangle K L M, ſuppoſe the 
Side K L 126 equal Parts, and K M 130 of theſe 


Parts, n 3 255 201, 


requir'd Mee 1 SC hit Bb LES . 
Aqua, — 


Plain Trigonometyy. „ 


| dh U 

The Geometrical Conſtruction of this Caſe is the 
ſame with that in Caſe 1. (there being M 

the ſame things given in both) and 

the Leg ML may be meaſur'd by 

| applying it to the ſame Line of equal 

Parts that the 1 two were taken KL 

from. . "RAR 


| By a0 Lag 


The ao of this Cate depends upon the two 
preceding, and firſt we muſt find the other two F 
Angles by Caſe 1. thus; F 

MNS. Lz KL: 8. M., [1 


| 5,2 an che Side MK... — 130 211394 
is to the Sine of L - 63% 20 919146 1 
ſo is the Side KL - - 126 - = 2.10037 


to the Sine of M. —— 609 4 9.93759 | | 
- They cee 2. e find amen. 


9805 


8. LIM K: 8K. N E. 1 12 


W © cs tins of. © - 63%, 20! - 938581 5 * 
is to MR — - 130 — = 2.11394 4 
ſo is the Sine of K — 3,99 9.9 - 2 
N — 4. —- 7.3 e 2406860 2 


” N 
—E-— ̃ ow * — 917 9 * 7 


* . CASE 4. RIC ri 3 
Twa Sides and he cond doi ban, — the i 
other- Iwo Angles. A A [| 


A 4a . " — = o p p wo 4 wars Yrs 


2201 


0 © .# ” : , 
© . = k 1 
3 * o W wa + © - - — FE a+ 
% 
* 
. 
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- Example. In the Triangle A CD, ſuppaſe AC 
103, and A D 126, and the Angle A 54*, 300, re- 
quir'd the Angles C and D. 


| L | Geometrically, 
Deas AD 126 equal Parts, and make the Angle 


A, 54*, 30", then ſet 103 equal Parts from A to C. 
Laſtly,jom'Cand D; and ſo the Triangle is con- 


C 


4 D 


ſtructed, and the Angles C and D may be meaſur d 
by the Line of Chords. 7 


By Cabal. 


The Solution of this Caſe depends upon the ſe- 
cond and third of the preceding Theorems ; and 
firſt we muſt find the Sum and Difference of the 
= and half the Sum of the unknown Angles. 


their Sum is — — — — — 229 
and their Difference i — — — 23 
the Sum of the three Angles A, D and C is 180? 
the Angle A is — — — — — 54, golf 
ſo the Sum of the Angles C and D will be 125, 30 
and. half their Sum is — — — 62, 45 
3 138 | then 


Phain Trigonometry. 65 
Then: hy Theorem 2. we have the following Pro- 


Portion, viz, 
As the Sum of the Sides AD and AC 229. - 2. 35984 
is to their Difference - - - - 23 1.36173 


ſo is the Tang. of half the Sum o 
of the ee Angles - F 620, 45" - 10.28816 
to the Tang. of half their Diff. 11, 2! - 9.29005 
Now having half the Sum and half the Difference 
of the two unknown Angles C and D, we find the 
Quantity of each of them by Theorem 3. thus, 
To half the Sum of the Angles C and D- 62, 45/ 


add half their Difference - - x1 » 02 


and the Sum is the greater Angle C 73 , 47 
Again from half the Sum 62 „45 


take half the Difference - - AT, 
and there will remain the leſſer Angle D - 51, 43 
CASE. s. 


Two Sides and the contain'd Angle given, to d the 
third Side. 


Example. In the Triangle BCD, ſuppoſe BC 


154, and BD 133, and the Angle B 56%, 03, re- 
quir'd the Side C D. 


Geometrically, | 
The Geometrical Conſtruction of this Caſe is the 


D 


P C 


| Came with that of the laſt, and the Length of DC 
«Tl 


— 


——ꝓq—— — —A=.=.—. 


2 


— — 2 K 22 „-E —— — 
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is found by taking its Length in your Compaſſes, 


and applying it to the ſame Line of equal Parts that 
the two Legs 1 were taken from. ü 


By Calculation. 
The Solution of this Caſe depends upon the ſe- 


cond and fourth; and firſt we muſt find the Angles 


by the laſt Caſe; thus, 


As the Sum of the Sides BD and BC 287 - 2.456788 
is to e — - 21 1.32222 
ſo is the Tangent the | 

Sum of the Angles D and sere, 1 
to the Tangent of half their Diff. 7, 50 - 9.13806 


— by Theorem 3. we have the Angles D and C 


to half the Sum of the Angles D and C- 61, 58/ 
add half their Difference - - - - 7 , 50 


and the Sum is the greater Angle D - 69 , 48 


Ale from half the Sum - = - Gr, 58. 


take half the Difference 7, 30 


and there remains che leſſer Angle C 54 , 08 


Then by Caſe. 2. we have the following * 
for Ending DC the Leg requir'd, VIZ, 
S. C: BD: :S. B: DC, 


1. e. as the Sine of C - 34“, o8! - 9.90869 
iStoBD - - - - - 133 - - 2.12385 
ſo is the Sine of B - - 56, 03 9.91883 


* -"—- - - 136.2 2.13399 


. 
— h— — 32 
9 
- 


J 
q 


Plain Trigonometry; 67 
e 
Three Sides given, 10 find the Angles. | 
Example. In the Triangle ABC, ſuppoſe AB 
156, BC 84, and AC 185.7 ; requir'd the Angles 
A, B, and C. | P, 
Geometrically. 


Make A C 185.7. from any line of equal Parts, 


and from the fame Line taking 156, the Length of 


AB, in your Compaſſes, fix one Foot of them in 
A, and with the other ſweep an Arch; then take 


84, the Length of BC, and fixing one Foot in C, 


$ 


B 
Pod 


I 
EE c 


with the other ſweep an Arch, which will croſs the 
former in B; laſtly, join the Points BA and BC, ſo 
the Triangle will be conſtructed, and the Angles may 
be meaſur d by the Line of Chords. 


y Calculation. 


Let fall the Perpendicular B D from the Vertex 
B, upon the Baſe A C, which will divide the Baſe 
into the two Segments A D and DC, and to find 
the Lengths of theſe, we have, by Theorem 4. the 
following Proportion, viz. 


F2 - As 


666 Plain Trigonometry. | 
is found by taking its Length in' your Compaſſes, 

and applying it to the ſame Line of equal Parts that 

the two Legs were taken from. | 


By Calculation. 
The Solution of this Caſe depends upon the ſe- 


cond and fourth ; and firſt we muſt find the Angles 
by the laſt Caſe ; thus, | 


As the Sum of the Sides BD and BC 287 - 2.45788 
is to their Difference - - - - 21 1.32222 


ſo is the Tangent of half the 


Sum of the Angles D and sere, * 


to the Tangent of half their Diff. 7, 50 - 9. 13806 


thus, 


to half the Sum of the Angles D and C- 619, 58" 


add half their Difference - 7 , 50 


3 


and the Sum is the greater Angle D 69, 48 
de half the Sum 1 61 „ 88. 
take half the Difference - - - 7, 50 

and there remains the leſſer Angle C 54. , 08 
Then by Caſe. 2. we have the following Analogy 


for finding D C the Leg requir'd, viz. 
S.C:BD::SB:DC, 


. e. as the Sine of C 34, 08! - 9.90869 
istoBD - - - - - 133 - - 2.12385 
ſo is the Sine of B - - 56, 03 9.91883 
tDC -'- - - - 136.2 - - 2.13399 


CASE 


* 


80 by Theorem 3. we have the Angles D and C 


— . 
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CASE 6. 
Three Sides given, to find the Angles. | 
Example. In the Triangle ABC, ſuppoſe AB 
156, BC 84, and AC 185.7; requir'd the Angles 
A, B, and C. ; 
Geometrically. 18 
Make A C 185.7 from any line of equal Parts, 


and from the fame Line taking 136, the Length of 


AB, in your Compaſſes, fix one Foot of them ih 
A, and with the other ſweep an Arch ; then take 
84, the Length of BC, and fixing one Foot in C, 


with the other ſweep an Arch, which will croſs the 
former in B; laſtly, join the Points BA and BC, ſo 
the Triangle will be conſtructed, and the Angles may 
be meaſur'd by the Line of Chords. 


. 20 Calculation. 


Let fall the Perpendicular B D from the Vertex 
B, upon the Baſe A C, which will divide the Baſe 
into the two Segments A D and DC, and to find 
the Lengths of theſe, we have, by Theorem 4. the 
following Proportion, viz. 


F 2 As 
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As the Baſe AC - -- - - - 185.7 - 2.26892 


| is to the ſum of the Sides AB& BC 240 - 2.38031 
ſo is the Difference of the Sides - - 72 - - 1.85733 


to the Diff. of the Segments of the Baſe 93 - 1.96871 


| 

| 

| 

And having the Sum of the Segments, viz. the 
whole Baſe, and their Difference, we find the Seg- 
2 ments themſelves, by Theorem 3. thus, 

| 


To half the Sum of the Segments - - - 92.8 
add half their Difference - - - - - - 46.5 


and the Sum is the greater Segment AD - 139.3 


Alſo from half the Sum of the Segments - - 92.8 
take half their Difference - - - 46.5 


ad. 


the Remainder is the leſſer Segment DC - 46.3 


Now the Triangle ABC is divided, by the Per- 
pendicular DB into two right-angled Triangles, 
| ADB, and DBC; in the firſt of which are given 

| the Hypothenuſe AB 156, and the Baſe AD 139.3 
i to find the oblique Angles, for which we have (by 
Cafe 5. of Rectangular Trigonometry) the 3 


Analogy, vix. 
As AB — - - - F - 156 — 2.19312 
1 Foo 139.3 - 2.14395 
1 ſo is the Radius - - - - - go? 10.00000 


to the Co-Sine of the Angle A - 269, 407 9.95083 
Alſo the Angle C is found by the ſame Caſe, 


thus, 

— 8 
| is to Co - - - 463 - - - 1.66558 
ſo is the Radius - - go? - - - 10.00000 
| ta the Co-Sine of C 569%, zo! - - 9g.74130 
1 2 Having 


2 
8 
1 
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- Having the two Angles A and C, we have 


the third, >, by taking the San of the other two 
from 180, thus, 


The Sum of all the three Angles is 1805 
the Sum of A and C is 83 10 


the Angle B is - - - 96 50 


All the Proportions uſed for the Solutions of the 
ſeveral Caſes in Plain Trigonometry, may be perfor- 
med by the Scale and Compaſs. On the Scale there 
are ſeveral Logarithmic Lines, viz. one of Num- 
bers, another of Sines, and one of Tangents, &c. 
And the way of working a Proportion by theſe is 
this, viz. Extend your Compaſſes from the firſt 
Term of your Proportion, found on the Scale, to 
the ſecond, and with that Extent, fixing one Foot 


in the third Term, the other will reach the fourth 
Term requir'd. 


SECT. III 
of the Principles of GEOGRAPHY ond 
ASTRONOMY. 


HE Land and Water of this Earth make 
up a Compoſition of -a ſpherical Form, or 


rather an oblong Figure, which is called the Ter- 
raqueous Globe. 


2. This Globe moves round its Axis in 24 Hours, 
from Weſt to Eaſt ; and thereby cauſing the Cele- 
ſtial Bodies to revolve, apparently from Eaſt to 
Weſt, in the fame time, makes the Viciſſitudes of 
Day and Night, 

921 F 3 3. Theſe 
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F 3. Theſe two Points in which the Axis of the 
Earth meets the Surface, are called the Poles of the 
Earth; and if the Axis be produced on both fides, 
to the Heavens, it will cut them in two oppoſite 
Points called the Celeſtial Poles. The one towards 
the North, is called the Artic Pale; and the other 
towards the South, the Antarctic. 0 

4. Circles upon a Sphere, are either Great or 


Leffer, A Great Circle, is that whoſe Plain paſſes 


through the Center of the Sphere, or whoſe Dia- 
meter is equal to the Diameter of the Sphere. A 
Leſſer Circle is that whoſe Plain does not paſs thro? 
the Center of the Sphere, or whoſe Diameter is leſs 
than the Diameter of the Sphere. 
Cor. 1. Hence it is plain, that all great Circles 
upon a Sphere divide it into Halves, and all leſſer 
Circles divide it unequally. 

Cor. 2. And ſince all great Circles have the ſame 
Center, viz. that of the Sphere, it is plain they 
muſt biſect one another. 

5. Since the Earth moves round it's Axis, *tis 

lain that every Point in the Surface (except the two 
Poles which are at Reſt) will deſcribe the Circum- 
ference of a Circle; and that which is deſcribed by 
2 Point lying in-the middle between the two Poles, 
is called the Equator, or Equinofial Line, or ſimply 
the Line. 

6. If the Plain of the Equator be produced to the 
Heavens, it will there mark out a Circle called the 
Celeftial Equator, which will. divide the Earth and 
Heavens into two Hemiſpheres, that towards the 
North called the Northern Hemiſphere, and that to- 
wards the South, the Southern. 

7. Great Circles paſſing through the Poles of the 
World, and cutting the Equator ight Angles, 
are called Meridians; and that which paſſes over 


any Place, is called the Meridian of that Place. 
8, Tho 
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8. The Diſtance of any Place upon the Earth, 
from the Equator, counted in Degrees upon the 
Meridian, is called the Latitude of that Place; and 
it is either North or South, according as it lies up- 
on the North or South Side of the Equator. 

9. Since by the Rotation of the Earth about it's 

Axis, every Point upon it's Surface deſcribes a 
Circle, 'tis plain all the Points between the Equator 
and Poles, muſt deſcribe Circles parallel to the E- 
quator; and theſe are called Parallels of Latitude. 

10. The Difference of Latitude between two Places, 
is the Arch of a Meridian, contained between the 
Parallels of Latitude paſſing over theſe Places. 

Cor. 1. Hence if the two Places lie both on the 
fame Parallel, they will have no Difference of La- 
titude. 

Cor. 2. If the Places lie both on the ſame Side of 

the Equator, and on different Parallels, then their 
Difference of Latitude is found by taking the leſſer 
Latitude from the greater. 

Cor. 3. But if the Places lie on different ſides of 
the Equator, then their Difference of Latitude is 
equal to the Sum of the two Latitudes. 

11. The Compliment of the Latitude of any Place, 
is that Latitude taken from 90 Degrees, or the 
Diſtance of the Place from the neareſt Pole. 

12. The Longitude of any Place upon the Earth, 
is an Arch of the Equator intercepted between the 
firſt Meridian, and the Meridian paſſing thro? the 
propoſed Place. Which is equal to the Angle at 
the Pole formed by the firſt Meridian and the Me- 
ridian of the Place. | 

12. The firſt Meridian may be placed at Plea- 
ſure, paſſing thro* any Place; as London, Paris, 
Teneriff, &c. and the Longitudes counted from 1t 
will be either Eaſt or Weſt according as _— lie on 
the Eaſt or Welt fide of that Meridian. 
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14. The Difference of Longitude between two Plates 
| upon the Earth, is an Arch of the Equator com- 
prehended between the two Meridians of theſe 
Places, and the greateſt poſſible is 180 Degrees, 
viz, when the two Places lie on oppoſite Meridians. 
1353. Since by the Motion of the Earth about it's 

| Axis every point upon the Surface, deſcribes the 

| Circumference of a Circle or 360 Degrees, in 24 
| Hours time, *tis plain in one Hour it muſt deſcribe 
15 Degrees; therefore any Place lying 15 De- 

grees to the Faſtward of another, has the Sun upon 

| its Meridian 1 Hour ſooner than that other; fo when 
it is Twelve a Clock in the eaſtermoſt Place, it will 


be but Eleven in the other. 

Cor. Hence the difference of Longitude may be 

converted into difference of Time, by allowing 
t 1 Hour for every 15 Degrees, and proportionally 
| for Minutes, &c. alſo difference of Time may be 
| converted into difference of Longitude, by allow- 
ing 15 Degrees for every Hour, and proportionally 
for other Time. Conſequently by knowing the 
one, we can find the other. | 

16. If we ſuppoſe a Plain touching the Surface 
of the Earth in any Point, (upon which a Spectator 
is ſtanding) and produced to the Heavens, it will 
there make a Circle called the Horizon, which ſe- 

rates the viſible from the inviſible Part of the 

eavens. This Horizon is properly the ſenſible 
Horizon; the true or rational Horizon is a great 
Circle parallel to the ſenſible, and paſſing through 
the Center of the Earth, which divides the Hea- 
vens and Earth into two Halves, called the Upper 
and Lower Hemiſpheres. 

17. Theſe two Horizons when produced to the 
Heavens, may, without any ſenſible Error, be ſup- 
poſed to coincide the Diſtance between them, or 
the Earth's Semidiameter, vaniſhing when compar 
_ with ſuch a Diſtance, 

a Wot 18. Since 
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18, Since the Earth moves round its Axis from 
Weſt to Eaſt, tis plain a Spectator upon its Sur- 
face, together with his Horizon, mult move the 
ſame way; conſequently theſe Celeſtial Bodies to- 
wards the Eaſt, that were before inconſpicuous will 
become viſible, the Horizon being depreſſed below 
them; and theſe towards the Weſt, that were be- 
fore in view, will become inviſible, the Horizon 
being elevated above them. And hence ariſes the 
apparent Motion of all the -heavenly Bodies, by 
which they appear to deſcribe Circles round the Poles, 
parallel to the Celeſtial Equator, which are greater 
or leſs according as they are more or leſs diſtant from 
the neareſt Pole. | 

19. When any Celeſtial Body comes firſt in view, 
or when it is on the eaſtern Side of the Horizon, it 
is then ſaid to Riſe; and when by its apparent Mo- 
tion it comes to the Meridian, it is faid to Culminate 
and laſtly, when it begins to diſappear, or is upon 
the weſtern Side of the Horizon, it is then ſaid to 
Set. | 
20. If through the Center of the Earth there be 
drawn a Line perpendicular to the Plain of the Ho- 
rizon, and produced to the Heavens, it will there 
mark out two Points; the one, which is directly 
over our Heads, is called the Zenith; and the oppo- 
ſite Point thereto, which is inviſible to us, vis. di- 
rectly under our Feet, is called the Nadir. 

21. Vertical or Azimuth Circles, are great Circles 
2 thro' the Zenith and Nadir, and cutting the 

orizon at right Angles. Among the vertical Cir- 
cles there are two principal ones, viz. the Meridian, 
which paſſes thro* the Zenith, Nadir, and Poles, 
and cuts both the Equator and Horizon at right 
Angles ; the Points in which it cuts the Horizon are 
the South and North Points ; and the other princi- 
pal Vertical, called the prime Vertical, is that which 
euts the Meridian at right Angles, and _ the 

. Orle , 
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Horizon in two oppoſite Points, called the Eaſt and 


Weſt Points. 
22. Leſſer Circles parallel to the Horizon are 


called” Almicanthers, or Parallels of Altitude. And 


theſe continually decreaſe the nearer they are to the 
Zenith. 

24. The Altitude, or Depreſſion of any heavenly 
Body above or below the Horizon, is an Arch of a 
vertical Circle intercepted between the Horizon and 


Center of the Object. 


25. The Zenith Diſtance of any heavenly Object, 


zs that Arch of the vertical Circle paſſing through 


it, intercepted between the Center of the Object 
and the Zenith, which is always the Compliment of 
the Altitude. 
26. Let the Circle A HNO repreſent the Farth, 
ed on the plain of ſome Meridian, A ſome 
_ upon that Meridian; draw the Diameter HO 
a Quadrant, or 9o Degrees, diſtance from A; 
— HO will repreſent the Horizon of the Place A 
(by Art. 16. of this). Let P and p be the two 
Poles ; — E-- Pp the Axis of the Earth, 
and the Diameter at right Angles with that 
will repreſent the — by Art. 5.) make P a 
to PA, and draw the Circle A à parallel to 
the Equator EQ, and this will be the parallel of 
Latitude the place A lies on. The Arch AE will 
be the Latitude of the place A, and A P, the Com- 
liment of it's Latitude (by Art. 8. and 11.) the 
oint in the Heavens directly above A will be the 


"Zenith, and that directly above N will be the Nadir 


of the Place A (by Art. 20.) the great Circle ACN will 
be the prime Vertical (by Art. 21.) and the Points H 
and O will be the South and North Points, and C 
will repreſent the Eaſt and Weſt Points in the Hori- 
zon of A. Let S be any heavenly Object, and ASN 


# vertical or azimuth Circle Paſſing thro* the Cen- 
ter 
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ter of the Object; alſo K S it's parallel of Altitude; 


then S G will be the Altitude, and S A the Zenith 
Diſtance of the Object S (by Art. 24, 25-). Again, 
OA 


P 
I L Rk 
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let any other Place upon the Earth be aſſum'd, as 
B, and its Meridian will be PB p, and its parallel 
of Latitude D B d; then the Latitude of B will be 
BF or DE, and the Compliment of it's Latitude 
will be BP or DP. Alſo the difference of Latitude 
between the two places A and B, will be BL or 
DA (by Art. 10.). If the Meridian paſſing thro* 
A, be ſuppos'd the firſt Meridian, then the Longi- 
tude of B will be E F (by Art. 22.) ; but if the 
Meridian of A be not ſuppos'd the firſt Meridian, 
then the difference of Longitude between the two 

Places A and B will be E F (by Art. 14.) 
27. The Syſtem of the Univerſe according to 
the lateſt Aſtronomers is as follows, viz. The Sun 
„ 15 


— 
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is fuppos'd} to be in the common Center of Gra- 

vity, of ſix opake ſpherical Bodies called Playets, 

which are at different diſtances from the Sun, and 
rform their ſeveral Periods round him in dif- 
erent Times; the Names of theſe Planets and the 

Characters by which they are expreſſed, are as fol- 


lows, viz. Mercury $, Venus ?, the Earth ©, 


q | Mars , Jupiter u, and Saturn b. And they all 
7 more roubd the Sun, from Weſt to Eaſt, in Orbs 
1 very little -inclin'd to one another, and the Plains 
= of theſe Orbs cut one another in Lines paſſing 
| through the Center of the Sun ; Peer a 


* 
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Spectator placed in the Center of the Sun, will be 
in the Plain of each of their Orbs, and will there 
view the Planets, performing their ſeveral Periods 
round him, from Weſt to Eaſt, according to the 
order of the Letters ABCD, (in the annexed Scheme) 
and in different Times, viz. Mercury &, which is 
neareſt the Sun, moves round his Orb in 87 Days, 
and 23 Hours, or three Months nearly. Then 
Venus 2, which is next to Mercury, performs her 
Period in 224 Days and 17 Hours, or about 
8 Months. The Planet which is third in order 
from the Sun, is our Earth ©, which performs its 
Circuit in 365 Days, 5 Hours, and 49 Minutes, or 

a Year, Next to the Earth is Mars d, who moves 
round his Orb in 686 Days and 23 Hours, - + 
little leſs than 2 Years. Then Jupiter u, whoſe 
Orb is vaſtly extended beyond that of Mars, per- 
forms his Circuit in 4332 Days, 12 Hours, which 
is about 12 Years. And laſtly Saturn b, who is 
furtheſt ' diſtant from the Sun, compleats his Re- 
volution in 10759 Days, and 7 Hours, which. is 
ſomething leſs than 30 Years. Their Diſtances from 
the Sun expreſſed in the Scheme, are nearly pro- 

tonal to their true diſtance in the Heavens. 

28. Three of the Planets, wiz. Mars, Fupiter, 
and Saturn, whoſe Orbs are beyond that of the 
Earth, are called ſuperior © Planets; and the two 
Planets Venus and Mercury, whoſe Orbs are between 
the Earth's Orb and the Sun, are called the inferior 

Planets. 

29. The three Planets, Jupiter, Saturn, and the 
Earth, are obſerved to have other ſmaller ones 
conſtantly attending them, called Secondary Planets, 
or Satellites. Theſe Satellites always attend their 
reſpective Primaries in their Revolutions about the 
Sun, and at the fame Time they are conſtantly 
moving about them; the Earth has one, viz. the 

Moon, 
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Moon, which attends it in it's annual Revolution a- 
bout the Sun, and at the ſame Time moves round 
it as a Center, in about 27 Days, and 7. Hours. 
Jupiter has four Satellites attending him, which are 
at different Diſtances from him, and move round 
him in different Times, viz. that which is inner- 
moſt or neareſt, his Body revolves in 1 Day 
18 Hours; the next deſcribes it's Orbit in 3 Days 
and 13 Hours; the third moves round in 7 Days 
and 3 Hours; and that which is furtheſt from Ju- 
piter's Body, performs it's Circuit in 16 Days and 
18 Hours. Saturn has five Satellites moving round 
him as a Center, which are at different Diſtances 
from his Body, and perform their Revolutions in 
different Times, viz. the firſt or neareſt to him, 
performs it's Circuit in 1 Day, 21 Hours; the ſe- 
cond, in 2 Days, 17 Hours; the third, in 4 Days 
13 Hours; the fourth, in 15 Days, 22 Hours ; and 
the fifth, or the moſt remote from the Body of 
Saturn, compleats it's Revolution in 79 Days and 
8 Hours. 

30. The fixed Stars are ſuppoſed to be of the ſame 
matter with the Sun, and made for the ſame Ends, 
vix. each of them the Center of it's own proper 
" Syſtem, having Planets moving round it as our 
Sun has. 

31. Having given a curſory View of the Syſtem 
of the Univerſe, we ſhall now conſider the Motion 
of the Earth, a little more particularly. Let 8 
repreſent the Sun in the Center, ABCD the Orbit 
of the Earth, and 4 35 = If the Heaven of the 
fixed Stars; then if the Obſerver be ſuppoſed to be 

in the Sun at 8, *tis plain when the Earth 

is in the Point A of it's Orbit, it will appear to be 
at the fixed Star V, and while in moving from Weſt 
to Eaſt, it goes from the Point A of it's Orbit to 
B, it will appear to the Obſerver at S to pals bf 
E 
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the fix'd Stars Y 8 r=, and in moving from B 
to C, it will appear to paſs by the fix'd Stars 


Vs 


m and from C to D, the fad Stars 

z and from D to A the fix'd Stars ir = 
Again let the Obſerver be remov'd from 
the Sun to the Earth, then *tis plain when the 
Earth is in the Point A of it's Orbit, the Sun S 
will appear to be in the oppoſite Point of the 
Heavens, vix. at the fix*'d Star ; and while the 
Earth is moving in it's Orbit from A to B, the 
Sun will appear to by the fix*'d Stars m 
E ; alſo while the h moves from B to A, 
the Sun will appear to have mov'd from by 
the fix'd Stars 5 X, &c. to =; * 
| e 
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the Sun to an Inhabitant of the Earth, will appear 
4 to paſs over the fame fixed Stars, and towards the 

fame part of the Heavens, i. e. from Weſt to Eaſt, 

as the Earth appear'd to an Obſerver in the Sun. 

32. Hence ariſes the apparent Motion of the Sun 
from Weſt. to Eaſt." So that if any fix*d Star be 
obſery'd to riſe with the Sun; ſome Days after, 
the Sun will have mov'd more earneſtly, and the 
Star will riſe before the Sun, and alſo ſet before 
it: alſo if a Star, in or near the Path which the 
Sun appears to deſcribe in his annual Motion, - 
and at ſome diſtance from the Sun, be obſerv'd 
above the Horizon after Sun-ſet, it will ſome 
time after that appear to fet with the Sun, and for 
a while, will not be viſible at Night. | 

| 33. The ſame way the Sun will appear to an 
| Obſerver in any of the other Planets to move from 
| Weſt to Eaſt, and to deſcribe the ſame Orbit in the 
0 Heavens that the Planet would appear to do to 
an Obſerver in the Sun. : | 
| 34. The Circle in the Heavens that the Earth to 
| an Obſeryer in the Sun, or the Sun to an Obſerver 
in the Earth, appears to deſcribe is called the Eclip- 
| tic, and it is divided into twelve equal Parts called 
| Signs, each containing 30 Degrees, viz. the n. of 
360. The Names and Characters by which theſe 
1 Signs are uſually expreſſed, are as follows. 
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Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 
m ＋ 1 5 X 
Scorpio, Sagittarius, Capricornus, Aquarius, Piſces. 


386. Since the Earth is a ſpherical Body expoſed 
. to the Rays of the Sun, *tis plain half of it's Body 
f muſt be enlightned, while the other half is in 
Darkneſs; and if there be a Line drawn . — 
dex 
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ter of the Sun to that of the Earth, and a plain Per- 
pendicular to that Line paſſing thro' the Center of 
the Earth; then this Plain will cut the Earth in a 

eat Circle, which will ſeparate the enlightned 
— the darkned Hemiſphere; and this Circle is 
called the Terminator of Light and Darkneſs upon 

36. If the Plain of the Earth's Equator lay in the 
Plain of the Ecliptic, and conſequently the Earth's 
Axis were perpendicular to. the Ecliptic, then the 
Terminator of Light and Darkneſs would be a 
Meridian; for let the Circle PE p Q repreſent the 
Earth, P and p it's two Poles, E Q the Equator, 
C the Center of the Earth, and S the Sun. laying 
in the ſame Plain with EQ; then, by the laſt Ar- 
ticle, the Terminator muſt be perpendicular to SC, 
and conſequently, in this Caſe, to the Plain of the 
Equator but ſince all great Circles perpen- 
dicular to the Equator muſt paſs thro? the Poles, 
and ſo be Meridians; it follows that in this Caſe 
the Terminator muſt be a Meridian, as P p. And 
ſince all Meridians biſect the Equator (by Art. 4. 
Cor. 2. of this) they muſt alſo biſect it's Parallels, 


nſequently the Terminator which is here a Meri- 
dian, muſt biſect the Equator and all it's Ts 
G 0 


| : 
lx 
it 
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1 ſo the half of each Parallel muſt be always en- 
| | lightned, and the other half in Darknefs ; and fince 


by the Motion of the Earth about it's Axis, every 

| Point upon. it's Surface, except the Poles, deſcribes 
1 a Circle parallel to the Equator ; it plainly follows 
that if the Plain of the Equator lay in the Plain 
of the Ecliptic, every Point upon the Earth's Sur- 
face, except the two Poles, would have the Sun 


1 | 
1 as, long, above it's Horizon as below it, and ſo 
1 there would be a conſtant equality of Day and 
Night, biz. 12 Hours, each; and the two Poles 
il would have the Sun conſtantly moving round their 
1 Horizon. 979 46 et _ 
[ll /. The Axis of the Earth is 6bſcrycd' to be in- 
if clined to the Plain of the Ecliptic at an Angle 
| of about 66 Degrees, and confequently the Plain 


i of the Equator muſt be inclined to the Ecliptic, 
| at an Angle of 231 Degrees, viz. the-Compliment 
41 of the former. Alſo the Axis of the in it's 
it annual Motion about the Sun, keeps always parallel 
= to the fame Line; fo if there be a. Line drawn 
ii thro? the Center of the Sun, parallel to che Earth's 
4 |; Axis, While in any Point of it's Orbit, that Line 
| will continue parallel to the Axis, whatever Point 
of the Orbit, the Earth be in (at leaſt in a Year's 
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time the Difference is inſenſible). And this molt 
neceffarily happen, if the Earth had no other Mo- 
Ez 2 | tion 
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tion but a progreſſive one in it's Orbit, and a rota- 
tion about it's Axis. For ſuppoſe any ſpherical Bo- 
dy as PE pQ, whoſe Center moves along the Line 
AB, and while in A, let any Diameter of it as Pp, 
be. aſſum'd, inclin'd any way to the Line AB; 
then *tis. plain if the Body had no other but the 

ogreſſive Motion, when it has come to B, the 

lameter Pp will ſtill, be parallel to it's former 
Situation while in the Point A; and if the fame 
Body be ſuppoſed alſo to move round it's Axis P.p, 
"tis plain all Parts of it would conſequently be 
changing. their, Situations, except the Axis which 
is no way affected by the Rotation, and conſequent- 
ly. the Axis muſt always keep parallel to the ſame 
right Line. | 

38. Since the Plain of the Equator is inclin'd to 
the Plain of the Ecliptic, therefore they mult in- 
terſect one another in a right Line paſſing thro? 
the Centers of the Earth and Sun, and ſo the Plain 
of the Ecliptic muſt cut the Earth in a great 
Circle, which will be inclined to the Equator at 
an Angle of 23 + Degrees, and this will mark out 
upon the Earth's Surface, the path of the Sun in 
his annual Motion; the Line in which the Equator 
interſects the Ecliptic, muſt always be parallel to 
the ſame Line, whatever Point of the Orb the 
Earth, be in; for ſince (by the laſt Art.) the Earth's 
Axis always preſerves a Paralleliſm, and that Line 
being always inclin'd to the Axis at the ſame Angle, 
*tis plain therefore, that it muſt alſo keep a conſtant 
Paralleliſm. | | | 
39. If thro' the Center of the Sun, there be 
drawn a Line perpendicular to the Plain of the 
Ecliptic; then this Line is called the Axis of the - 
Ecliptic, and the two oppoſite Points in which the 
Axis meets the Heavens, are called the Poles of 
the Ecliptic, 
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40. That great Circle in the Heavens which paſſes 
thro? the Poles of the World and the Points of In- 
terſection, of the Ecliptic and Equator, is called 
the Eguinoctial Colure. And that great Circle which 
is at right Angles with the former, and paſſes thro” 
the Poles of the Ecliptic and World, is called the 
Solſtitial Colure. © The four Points in which theſe 
Colures cut the Efliptic, - are called the Cardinal 
Points. Theſe two in which the equinoctial Colure 
meets the Ecliptic, are called Zquinofial Points; 
becauſe (as ſhall be ſhewn) when the Sun is in ei- 
ther of them there 1s an equality of Day and Night 
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to the Inhabitants of the Earth; and the two Points 


in which the ſolſtitial Colure cuts the Ecliptic, are 
called the Soſſtitial Points ; becauſe when the Sun 
comes to either of theſe Points, he is then at his 
greateſt Diſtance from the Equator, and is begin- 
ning to return to 1t again. | | 
41. To explain the Phænomena, or Appearances 
that arife from the Earth's annual Motion about the 
Sun; ſuppoſe r Y & = the Earth's Orbit, and 8 
the Sun; thro* S draw the right Line = S , 
parallel to the common Line of Interſection, of the 
Echptic and Equator, and meeting the Ecliptic 
in the two Points Y and ; alfo thro? S draw the 
Line F'S S perpendicular to the former; then, 
tis plain, when the Earth is in the Point = of it's 


Orb, the Line 8 , joining the Centers of the Sun 


and Earth, will coincide with the common Inter- 


ſection of the Ecliptic and Equator, and fo lie in 


the Plain of the Equator, and conſequently be per- 
pendictlar to the Earth's Axis; and ſince (by Art. 
35.) this Line is alſo perpendicular to the Termina- 
tor of Light and Darkneſs, tis plain that the Axis 
of the Earth will lie in the Plain of the Terminator, 
which therefore muſt paſs thro? the two Poles, and 
ſo be a Meridian; alſo the Sun will appear in the 
oppoſite Point of the Orbit at , viz. in the _ 
2 | = 
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8 produced, that is, in the Plain of the Equator ; 
and conſequently by his apparent daily Motion, he 
will deſcribe the celeſtial Equator. And fince in 
this Situation of the Earth, the Terminator of Light 
and Darkneſs is a Meridian, it will biſect the E- 
quator and its Parallels; conſequently the half of 
each Parallel will be in the enlightned Hemiſphere, 
and the other half in the darkned; and every Point 
upon the Surface of the Earth, deſcribing, by it's 
daily Motion, either the Equator or ſome of it's 
Parallels; it plainly follows, that when the Earth 
is in the Point of it's Orb, each place upon it's 
Surface, will be as long in the enlightned Hemi- 
ſphere as in the darkned, i. e. there will be an 
equality of Night and Day (viz. 12 Hours each) 
over all the Earth, except at the two Poles, where 
the Sun will appear to deſcribe the Horizon of each, 
viz, the Equator. 

The Earth, by it's annual Motion being carried 
along the Signs m f, the Line of Interſection of 
the Ecliptic and Equator remaining always parallel 
to itſelf, it cannot now be directed towards the Sun 
but when the Earth is in the firſt Point of , it 
muſt make with the Line S , joining the Centers 
of the Earth and Sun, a right Angle. And fince 
the Line 8 V is not in the Plain of the Equa- 
tor, but of the Ecliptic, the Angle B » 8, that 
the Axis of the Earth AB makes with S , will 
be acute, equal to 663 Degrees, viz. the Inclina- 
tion of the Axis of the Earth to the Ecliptic. Thro? 
the Center of the Earth , draw the Circle F L, 
perpendicular to'S , and this will be the Termi- 
nator of Light and Darkneſs, (by Art. 35.) and the 
Arch BL will be 233 Degrees, viz. the Compli- 
ment of L B. Thrò' the Center , draw the Circle 
4) E perpendicular to the Axis AB, and this will 
be the Equator; then ſince the Arch EB is equal 
do the Arch T L, (being each a Quadrant) by tak- 
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ing away the common Arch T B, we have E T. 
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equal to BL, i. e. 23% Degrees. Make the Arch 
8 EM 
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EM equal to E T, and thro* the Points T and M 
draw the Circles T C, M N parallel to the Equator; 
then *cis plain, that when the Earth is in the Point 
M of it's Orbit, the Sun will be perpendicular to 
the Point T, diſtant from the Equator EQ, to- 
wards the North Pole B, 23 Degrees, which is 
his greateſt Declination North. The parallel T C 
is called the Tropic of Canter, and the Circle in the 
Heavens concentric with this, which the Sun ap- 
pears. to deſcribe at that time, is called the Celeſtial 
Tropic of Cancer; becauſe the Sun at that Time ap- 
pears to be in the Sign . And becauſe of the 
Earth's Rotation about it's Axis, tis plain that all 
the Points ſituate upon the parallel 'T C, will have 
the Sun, when upon their Meridian, in their Ze- 
niths. Alſo when the Earth is in this Poſition, tis 

ou that the Terminator of Light and Darknef 

L, will go beyond the North Pole B to L, 23s 
Degrees diſtant from B; and conſequently the 
South Pole A muſt be as far, from the Terminator 
LF in the darkned Hemiſphere. Thro' the Points 
Land F, draw the Circles LK, FG parallel to 
the Equator, and theſe Circles are called Polar Cir- 
cles, that towards the North is called the Artic 
Circle, and that towards the South is called the A- 
tartic Circle. Now ſince the Earth moves round 
upon its Axis A B, tis evident that every Point 
within the Artic polar Circle K L, will, at that 
time, have a continued Day; and, on the contrary, 
every Point within the Antartic polar Circle F G, 
will have a continued Night. 

Again, the Earth moving forwards thro' the Signs 
= X to , the Sun will appear to move thro* the 
Signs , N, m, and by Degrees to return again to 
the Equator; and when the Earth has come to the 
Point of it's Orbit, the Sun will appear to be at . 
Now the common Interſection of the Ecliptic and E- 
__ * * to the Line =S Y, 15 tis 
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plain that when the Earth has come to v, the 
Line 8 f, joining the Centers of the Earth and Sun, 
will lie in the Plain of the Equator ; and conſe- 
quently the Sun will appear in the celeſtial Equator, 
and there will be an Equality of Night and Day, 
the ſame-way as when the Earth was in = ; and in 
this Situation, the Terminator of Light and Dark- 
neſs will again paſs thro? the two Poles. 
The Earth moving forwards thro* the Signs 
V 8 u, the Sun will appear to move thro? the op- 
ſite Signs = m F, gradually declining from the 
— towards the South Pole, and when the 
Earth comes to , the Sun appears to be in , 
Now ſince the Axis of the Earth AB, does not change 
it's Inclination to the Ecliptic, the Earth will have 
the like Aſpect and Poſition with reſpect to the Sun, 
as it had when in the Point of its Orbit; but 
with this Difference, that he is now as far on the 
South Side of the Equator, as (when the Earth was 
in #) he was on the North Side, i. e. 231 Degrees, 
and 1s perpendicular to the Point N; the Parallel NM 
is called the Tropic of Capricorn, and the Circle in 
the Heavens concentric to this which he appears to 
deſcribe at this time, is called the Celeftial Tropic of 
Capricorn ; becauſe at this time the Sun appears to 
be in the Sign ; allo, all within the North polar 
Circle KL, which was enlightned when the Earth 
was at , is now in Darkneſs, and all within the 
South polar Circle, is now enlightned. 

42. We ſhall now conſider more particularly the 
Appearances that happen to the different Places 
upon the Earth, ariſing from it's annual Motion a- 
bout the Sun, in conjunction with the Rotation a- 
bout it's Axis. In order to which we muſt conſider, 
that the Inhabitants of this Earth, with reſpect ta 
their Situation upon it, are divided into three Kinds, 
viz. Firſt, Such as live upon the Equator, Se- 
condiy, Such as live between the Poles and Equator. 


Thirdly, 
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Thirdly, Such as live upon either Pole. As for thoſe 
that live upon the Equator; let EpQ P be the 
Projection of the Earth upon the Plain of ſome Me- 
ridian, P the North, and p the South Pole, EQ the 
Equator, and E ſome place upon it; alſo D A the 
Ecliptic, CD the Tropic of Capricorn, and AB 
the Tropic of Cancer. Then *tis plain that an 
Inhabitant upon the Equator, ſuppoſe at E, will 
have the two Poles P and p in his Horizon, which 
therefore muſt be a Meridian, And ſince all Me- 
ridians biſect the Equator and it's Parallels at right 
Angles, and all the Heavenly Bodies deſcribing 
Parallels in their apparent diurnal Motion; tis 
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evident that in one intire. Revolution of the Earth 
about it's Axis, all the Heavenly Bodies muſt come 
in view, and they muſt riſe and ſet perpendicular 
o the Horizon, and be as long above it, as below, 
i. e. twelve Hours each. Now the Sun always de- 
ſcribing ſome Parallel, or the Equator itſelf, in his 
diurnal Motion; it follows, that to an Inhabitant 
en 
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I. Equator there maſt be a conſtant equality 
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ht and Day, viz. twelve Hours each; and 
the Sun in his annual Motion comes to be 
1 to the Point F, he will then deſcribe 
| ator in his diurnal Motion; and conſe- 
quently when he comes upon the Meridian of any 
Place, E, on the Equator, he will be in t'ie Ze- 
nith of it ; and moving on in the Ecliptic, till he 
be perpendicular to the Point A, (when he is at 
his greateſt Declination from the Equator towards 
the North Pole P, viz. 234 Degrees) he will then 
deſcribe the Tropic of Cancer AB, and when he 
| comes on the Meridian of E, he will be removed 
from the Zenith towards the North 231 Degrees; 
and moving {till on in the Ecliptic, he will appear 
to return towards the South, and paſſing the Ze- 
nith of E, he will go 45 far South, as he was be- 
fore North, viz. 231 Degrees. Conſequently an 
| Inhabitant on the Equator will have the\Sun in his 
| Zenith twice in one Year, and alſo the Sun will be 
| half the Year on the North Side, and half the Year 
| on the South Side of him; and therefore will be 
L conſtantly changing his place in the Horizon, for 
1 when he is deſcribing the Parallel AB, he will ap- 
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r in the Horizon at G, and when he is deſcrib- 
ing the Equator E „ he will be in the Horizon 
at F (the Eaſt or eſt Points); alſo when he is 
deſcribing the Parallel CD he will appear in the 
Horizon at H South of the Point F. 

Again, Let PE, » Q repreſent the e dien 
of the Earth on the Plain of ſome Meridian, P 
the North, and p the South Pole, E Q the Equa- 
tor, and A ſome place upon that Meridian, lying 
between the Equator and North Pole, whoſe Ho- 
rizon is HO; alſo B D the Ecliptic, BN the 
Tropic of Cancer, and F D the Tropic of Capri- 
corn, chro the Points H and O, draw the parallels 
OG, HK. Then tis plain, that to an Inhabitant 
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at A, the North Pole P will be elevated above, 
and the South Pole p depreſſed as much below the 
Horizon; and the Horizon will cut the Equator . 
and it's Parallels obliquely. Now ſince the Hori- 
zon and Equator are both great Circles, they muſt 
biſect one another (by Art. 4. Cor. 2.) ; therefore 
half the Equator will 'be above, and half below 
the Horizon ; conſequently when the Sun is per- 
pendicular to the Point C, that is, when he ap- 
to be in the Equator, there-will be an 
Fity of Night and Day. And fince the Horizon 
cuts the Parallels obliquely, it muſt therefore cut 
them unequally, and *tis plain from the Scheme, 
that of thoſe Parallels which lie between the Equa- 
tor and neareſt Pole, the greateſt Part is above the 
Horizon, and the lefſer below ; and thoſe that lie 
on the other Side of the Equator, have the leſſer 
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Part above, and the greater below the Horizon; 
and the nearer the Parallels are to the Poles, the 
more unequally are they cut by the _— 
Conſe» 


oa The | Principles of + 
Conſequently while the Sun is upon the North Side 
of the Equator, and by his diurnal Motion deſcrib- 
ing Parallels, lying between the Equator and North 
Pole; tis plain he will be longer above than below 
the Horizon of the Place A; and when he comes 
to his greateſt Declination North, and then de- 
ſcribes the Tropic of Cancer, *tis plain the Days 
muſt then be at the longeſt to the Place A ; alſo 
the Sun returning towards the Equator, he will 
defcribe Parallels, - whoſe Parts above the Hori- 
Zon, grow {till nearer to an Equality with thoſe 
below, and fo the Days will ftill decreaſe and 
come nearer to an Equality with the Nights, till 
he come to the Equator, when the Day and Night 
are equal ; and proceeding from the Equator towards 
the South Pole, he will then deſcribe Parallels ly- 
ing between the Equator and South Pole, whoſe 
leaſt Part is above, and greateſt Part below the 
Horizon, and conſequently the Days will {till grow 
lefs than the Nights till he comes to the Tropic 
of Capricorn, when the Day is leaſt and the Night 
greateſt; and then returning to the Equator, the 
Days will increaſe and the Nights decreaſe. When 
the Sun is upon the Equator, *tis plain, from the 
Scheme, that his Place upon the Horizon will be C, 
that is, he will riſe on the Eaſt Point, and ſet on 
the Weſt Point of the Horizon, and when he is 
in the Tropic of Cancer B N, his Place upon the 
Horizon will be M, which is North of the Point 
C, alſo when he is in the Tropic of Capricorn 
F D, his Place upon the Horizon will be L, which 
is South of the Point C; from which *tis plain, that 
the Sun will be always changing his Place upon the 
Horizon. Again, ſince the Horizon of A cuts 
the Equator and it's Parallels obliquely, and the 
Heavenly Bodies by their apparent diurnal Motion, 


- deſcribing Parallels, tis plain they muſt. riſe and 
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G O can never riſe or ſet, but muſt be conſtantly 
in View; for which reafon this Parallel GO is 
called The Circle of conſtant Apparition ; and all with- 
in the Parallel HK can never come in View, but 
be conſtantly below the Horizon, and therefore 
the Parallel H K is called The Circle of Perpetual 
Occultation. : EP | 
Leih, Let PE þ Q repreſent the Prejection 
of the Earth upon ſome Meridian, P the North 
and p the South Pole, EQ the 'Equator, A B the 
Ecliptic, BC the Tropic of Cancer, and AD 
the Tropic of Capricorn; then tis plain that the 
Equator is the Horizon of both Poles, and conſe- 
quently the Northern Hemiſphere muſt always be in 
view, and the Southern always hid to an Inhabitant 
at P; alſo the Heavenly Bodies will appear to 
move 1n Circles parallel to the Horizon, and the 


P 


fix d Stars will ever deſcribe the ſame Parallels, 
and always have the ſame- Height above the Ho- 
rizon. When the Sun by his annual Motion 

comes 
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comes to be ee dee to the Point F, and then 
deſcribes the Equator, tis plain he will be in the 


Horizon of both Poles, and by his diurnal Motion 


will appear to move quite round it; and ſince 
half the Ecliptic F B is above, and the other half 
F A. below the Horizon of P, ris plain all the 
time the Sun is in deſcribing that half of the E- 
cliptic on the North Side of the Equator, he will 


be above the Horizon of P, and all the time he is, 


in deſcribing the other half on the South Side of 
the Equator, he. will be below the Horizon of P; 


from Which tis plain, that an Inhabitant of either 


Pole will have "half a Year continued Day, and 
as long Night. And ſince the Sun's greateſt Di- 
ſtance from the Equator South or North is 234 
Degrees, tis plain his greateſt. Altitude, or Depreſ- 
ſion, above or below; the Horizon. of either Pole 
muſt be 231 Degrees 

43. Thoſe that live upon the Equator are ſaid 
to have a Right Sphere,-becauſe-to._ them the Hea- 
venly Bodies appear to riſe and ſet perpendicular 
to the 5 and thoſe who live between the 


Equator, and either Pole, are ſaid to have an Oblique + 


Sphere, becauſe the Heavenly Bodies appear to riſe 
and ſet obliquely. and Lafly, thoſe who live on 
either Pole are faid to have a Parallel Sphere, be- 


cauſe the Heaventy Bodies appear | to move parallel 
to the Horizon. | 


44. The Moon-'beng an opake del Body, 
it receives it's Light from the Sun and reflects that 
upon the Earth, and that half of it which is 
polite to the Sun is enlightned, while the other half 
which is averſe from it, is involved in Darkneſs 3 
but the half which is vine to us, is that which is 
oppoſite to the Earth; and therefore according to 
the various Situations of the Moon, with reſpect to 
the Earth and Sun, it will have different Illumina- 
tions; for ſometimes a greater and — LA 
e 
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leſſer part of the enlightned Hemiſphere is turned 
to the Earth; and likewiſe ſometimes the whole, 
and ſometimes none at all of the enlightned Hemi- 
ſphere is ſeen from the Earth. Te explain which, 
let S repreſent the Sun, the Harth, RTX 
a Part of the Earth's Orbit, which it deſcribes 
in it's annual Motion about the Sun; "ABFCD- 
EF GH, the Orbie of the Moon, in which 
it moyes round the Earth from Weſt to Eaff, 
in the ſpace of a Month; PN OM the Meons 
Body, and ir's Center L; let the Centers of |”, . 
the Sun and Moon be ee the right Laue 
S L, then ſuppoſe the Plain MD N paſſing thre? —.._ 
the Center of the Moon, wad ar dah, cap, Fd 4 
SL; and this Plain will cut the Surface of the 
Moon in a great Circle, which will be the Termi- 
nator of Light and Darkneſs, viz. it will divide 
the enlightned Hemiſphere from the darkned; al- 
ſo let the Centers of the Earth and Moon be joined 
with the right Line TL, and perpendicular to it 
draw a Plain paſſing throꝰ the Center of the Moon, 
and this will cut the Moon's Surface in a Circle 
PLO, which will divide the viſible ſtom the in- 
viſible Hemiſphere of the Moon; this Circle is cal- 
led the Circle of Viſian. And hence *tis plain, that if 
the Moon be in the Point A of it's Orbit oppoſite - 
to the Sun, the Circle of Viſion PLO will co-incide 
with the Terminator MLN, and ſo the whole enlight- 
ned Hemiſphere of the Moon will be turn'd to- 
wards the Earth, and then it is called Full Moon, 
with reſpect to the Inhabitants of this Earth, but 
with reſpect to the Situation of the Sun, it is ſaid 
to be in Oppoſition ; becauſe the Sun and Moon, 
ſeen from the Earth, appear at that time to be 
in oppoſite Points of the Heayens. When the 
Moon has come to the Point B of it's Orbit, 
then *tis plain, that the whole enlightned Hemi- 
ſphere will not be turned to the Earth, but a part 
of 
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tef it, as MP, will be without the viſible Hemi- 
ſphere, and therefore the viſible illuminated Part 
cannot be circulaf, but will appear gibbous; when 
the Moon is in the Point C of her Orbit, and the 
Angle CTS a right Angle, then the Angle T CS 
will alſo be a right 7 (at leaſt differing little 
from it) for becauſe of the vaſt diſtance of the Sun, 
from the Earth and Moon, the Lines ST, SC 
may be taken as parallel; conſequently the Circle 
of Viſion will biſect the Terminator at right Angles, 
and ſo only one half of the enlightned Hemiſphere 
will be in the Viſible, and then the Moon appears 
to be halved, | and is called Half Moon. In this 
Situation the Moon is only a Quadrant's diſtance 
from the Sun, and therefore it is ſaid to be in one of 
it's Quadratures. The Moon proceeding to D, *tis 
plain that in this Situation only a ſmall part PN of 
the enlightned Hemiſphere is turned to the Earth, 
and the greateſt part N O of the viſible Hemiſphere 

is darkned ; and conſequently, becauſe of the ſphe- 
rical Figure of the Moon, it will then appear horn- 
ed, and it's Horns will be turned towards the Weſt. 
When the Moon is arrived at E, tis plain the 
Circle of Viſion will again co-incide with the Ter- 
minator, and the whole darkned Hemiſphere will 
be turned to the Earth, and then it is ſaid to be 
New- Moon ; but with reſpect to it's Situation with 
the Sun, it is ſaid to be in Conjun#ion, becauſe it 
appears to be in the ſame Point of the Ecliptic with 
the Sun; and when it has moved a little forward to 
F, *tis plain part of the enlightned Hemiſphere, viz. 
MO, will be in the viſible, and fo it will again ap- 
pour horned, and having them turned towards the 
z alſo when at G it will appear halved, and 
when at H gibbous; and Laſth, when it comes to 
A it will again appear full. | 
45. Tho' (as was ſaid in Art. 29.) the Moon 
moves quite round it's Orbit in 27 Days, and 
: | 7 Hours, 
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7 Hours, nearly, called the Periodic Ant yet the 
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Time it takes from one Conjunction with the Sun, 
to the next, is greater; being ag Days, and about 
2 Hours, which is called he Synadic Month; for 
let S be the Sun, IT the Earth, AB a part of the 

Earth's Orbit about the Sun, and ALD C 
Orbit of the Moon; then when the Earth is in 
let the Moon be in L, in Conjunction with the 
Sun; and when the Moon is moving from L. round 
it's Orbit LAC D, tis plain that the Earth in the 
mean time will be moving on in it's Orbit about 
the Sun, and carrying the Moon's Orbit along with 
it. And when the Moon has moved quite round 
it's Orbit, the Earth will be carried from T to-4, 
and the Moon's Orbit will be in the Situation, 
4a c d, and the Point L. will be in the Line 7 , 

rallel to the former T L, and conſequently the 

will then be in J; but will not be in Con- 
junction with the Sun till it has moved a little fur- 
ther and deſcribed the Arch I M, which is ſimilar to 
the Arch T, becauſe the Angles II M, 78 T are 
equal (by Art. 36. Sect. I.). And hence it is that 
tho' the Moon moves round it's Orbit in 27 Days, 
7 Hours, yet from new Moon to new Moon it 
takes 29 Days, 12 Hours. 

46. If the Moon's Orbit lay in the Plain of the 
Ecliptic ; 'tis plain in a Month's Time the Moon 
would move round the ſame Circle in the Heavens, 
that the Sun appears to do in a Year, viz. the 
Ecliptic; but the Moon's Orbit does not lie in 
the ſame Plain with the Ecliptic, but is inclined 
to it at an Angle of about fiye Degrees, and con- 

ently muſt interſect it in a right Lint paſſing 
thro? the Center of the Earth; and one half of the 
Orbit will be above the Ecliptic towards the 
North, and the other half below towards the 
South. The Line of Interſection is called the Line 
of. the Nodes, the two Extremities of which are called 


the Nades, The Node in which the Moon is when 
| H 2 aſcending 
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aſcending above the Ecliptic towards the North, is 
called tbe Aſcending Node, or Dragon's Head, for 
brevities ſake marked thus Q; and the oppoſite one, 
viz. that in which the Moon is when deſcending 
below the Ecliptic towards the South, is called the 
| Deſcending Node, or Dragon's Tail, marked thus &. 
1 Hence tis plain, that the Moon cannot appear in 
| the Ecliptic above twice in one Period, viz. when 
| it is in the Nodes; and in other Points of it's Or- 
bit, it will be more or leſs diſtant from the Eclip- 
3 tic, according as it is more or leſs removed from 
1 the neareſt Node; theſe two oppoſite Points in the 
| Orbit, that lie in the middle between the Nodes, 
5 are called the Limitt; and when the Moon is in ei- 
| | ther of theſe, ſhe is then at her greateſt Diſtance 
| from the Ecliptic. 
47. The Height of the neareſt Pole above. the 
| | Horizon of any Place, is equal to the Latitude of 
x that Place. For let A be any Place upon the 
| Earth, AHO it's Meridian, HO the Horizon, 
| EQ the Equator, P and p the two Poles ; then *tis 
Plain A E will be the Latitude of the Place, and 
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. PO the Height of the neareſt Pole above the 
| Horizon, Now ſince the Arches PE, and A O are 
f equal, 
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equal, being each a Quadrant, from both take 
the common Arch AP, and there will remain. A E 
equal to PO; that is, the Height of the Pole above 
the Horizon is equal to the Latitude. Alſo ſince 
the Arches AH and EP are equal, being both 
Quadrants, from both take the common Arch AE, 
and there will remain E H equal to A P; that is, 
the Height of the Equator above the Horizon of any 
Place, is equal to the Compliment of the Latitude 
of that Place. | 
48. Great Circles paſſing thro? the Poles of the 
Ecliptic, and cutting it at right Angles, are called 
Secondaries of the Ecliptic. 7 
49. The Latitude of any Heavenly Body, is an 
Arch of the Secondary paſſing thro* the Center of 
the Object, intercepted between it and the Eclip- 
tic ; and it is either North or South, according as 
the Object is on the North or South Side of the 
Ecliptic. | | | 
50. The Longitude of any Celeſtial, Body, is an 
Arch of the Ecliptic intercepted between the Secon- 
dary paſſing thro* that Body, and the firſt Point 
of Aries. £ 
51. The Declination of any Heavenly Body is an 
Arch of a Meridian, paſſing over that Body, in- 
tercepted between the Center of it and the celeſtial 
Equator; and it is either North or South, according 
as the Body is on the North or South Side of the 
Equator. 
32. Since the Sun by his annual Motion, is al- 
ways either approaching nearer to, or going fur- 
ther from, the Equator  *tis plain he muſt be con- 
tinually changing his Declination. In the third 
Table at the End of this Book, you have his De- 
clination for every Day of the Tear; in which you 
may obſerve that in the Top Columns ſtands the 
Year, Month, and kinds of the Declination, viz. 
whether it be South or North; and in the left Hand 
[ Ad | Column 


— — 


— 2 — 


| | — | I p 
bj Yo! The Principles of 
| Column ftands the Day of the Month; the other 
| | Columns contain the Declinations anfwerable to 
theſe; conſequently to find the Sun's Declination 
| | for” any Day, fappoſe the twentieth of April, 
1731. T look at the Top for the Year 1731, 75 
| the Month of April, and in the fide Column for: 
z then in the Column below April, and on the ſame 
| | Line with 20, I flnd 14%, 59! for his Declination 
; North; and the fame Way his Declination may be 
found for any other Day. But you. muſt | obſerve 
21% that this Table is calculated only for the Meridian 
of Emu, and the Noon there; that is, it ſhews - 
the Declination of the Sun when upon the Meridian 
of Lenden; and conſequently to find the Sun's De- 
clination for any other Time of the Day, we moſt 
confider whether the given Time be before or after 
| Noon ; if it be before, then fay as 24 Hours is to 
| ; the Difference between the Declination of the Sun, 
| the Noon of. the preceding Day, and his Decli- 
| | nation the Noon of the preſent Day; fo is the 
„ Time from Noon laſt Day, to a fourth Proportional; 
*F which, if the Declination be increafing, muſt be 
N added to, but if decreaſing ſubſtracted from, the 
| | Sun's Declination the Noon of the preceding 
i 
| 
| 
| 
| 


® — 
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Pay; and the Sum, or Remainder, is the Declina- 
tion for the prefent Time. | 
© Example: Suppoſe it were requir'd to find the 
Sun's Declination, on the fourth Day of April 
1731, at. 8 Hours, 25 Minutes in the Morning. 
To do this, I firſt Took in the Tables, for the Sun's 
Declmation the fourth Day of April 1731, and 
. it to be go, 39 /; then I look for it in che third 
ay, and find it to be 9, 19}, the difference of 
tHeſe Is 221; then I fay as 24 Hours, is to 22“; fo 
is 20 Hours 25 Minutes, the time elapſed fince laſt 
Noon, to 18 /; which added to 9“, 1y! (becauſe 
the Neclination is increaſing) gives 9, 15 57 for the 


en pam, | Agati, if "he Thang 
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be after Noon; then to find the Decli- 
nation for that Time, we muſt look in the Tables, 
for the Sun's Declination- the Noon of the pre- 
ſent Day; and for the ſame, the Noon of the fol- 
lowing Day, and take the Difference of thefe De- 
clinations ; then ſay, as 24 Hours is to the Diffe . 
rence of the Declinations, ſo is the Time elapſed 
ſince Noon, to a fourth Proportional; which ad- 
ded to, or ſubſtracted from, the Sun's Declination 
the preſent Day at Noon (according as the Decli- 
nation is increaſing or decreaſing) gives the Sun's 
Declination at the 'Fime 
- Exainple. Suppoſe it were requ ired to. find the 
Sun's Declination on the — Day of Fuly 1731, 
at 4 Hours, 23 Minutes after Noon. To do this 
we muſt firſt look in the Tables, for the Sun's De 
clination the twelfth Day of July 17313 and will 
find it to be 20% 13!, then for his Declination the 
following Day, which is 20?, o, and the Diffe · 
rence" between theſe two is 12! z then ſay as 24 
Hours, is to 127, ſo is 4 Hours, 23 Minutes, the 
Time elapſed ſince Noon, to 2/, which- (becauſe 
the Sun's Declination is decreafing) ſubſtracted 
from 20?, 13' the Declination of the Sun at Noon 
of the preſent Day, leaves-20®, 11“ the Sun's De- 
clination for the Time propoſed. | | 
And fince the Table of the Sun's Declination at the 
End of this Book is fitted to the Meridian of Lon- 
don, tis plain it cannot ferve for the Meridian of any 
other Place, lying on the Eaſt or Weſt Side of the 
Meridian of Landon; for while the Sun by his apparent 
diurnal Motion is paſſing from one Meridian to an+ 
other, he is at the fame Time ſtill moving on in the 
Ecliptic, and conſequently altering his Declina - 
tion. Now to find the Declination of the Sun when 
he is on the Meridian of any Place, lying on the 
Eaſt or Weſt Side of London, we muſt take the 


93 of Longitude between London and the 
H + 6 given. 


» „* 


nog We Principles of 


given Place (or if the Meridian of London be ſup- 
poſed the firſt Meridian, we muſt take the Longi- 
tude of the Place) and convert this into difference 
of Time, which will ſhow the Time, before or 
after Noon at London, the Sun is n the Meri- 


dian of the Place propoſed; viz. if the Place lie 


on the Eaſt Side of London, the Time will be be- 


Fore Noon; but if on che Weſt: it will be after 


Noon; then finding, according to the preceding 

hr ye the "Sun's Declination at the Time pro- 
ſed, the ſame will be his Declination when on the 
eridian of the propoſed: Place. 

This may be done another Way, viz, by the 
help of the Table of the Variation of the Sun's 
Declination to every 15 Degrees of Longitude from 
the Meridian of London, annexed to the Table of 


Declination-; the upper Column of which contains 


the Degrees, and the left hand ſide Column con- 
tains the Minutes of the Sun's daily Variation; and 


the other Columns contain the Minutes anſwering 
to the Degrees and Minutes in the Top and Side 
Columns. Now to find the Sun's Declination any 


Day, when he.is on the Meridian of any Place, ly- 
ing on the Eaſt or Weſt Side of London, by this 


Table; we muſt firſt find the Sun's Declination for 


the preſent and for the following Day ; and the 
Difference between theſe two will give us the daily 
Variation at that Time; then look in the Table of 
Variation, Sc. at the Top, for the Difference of 
Longitude between London and the propoſed Place, 
and in the fide Column for the Minutes of Varia- 


tion; then below theſe Degrees in the Top and on 


the fame Line, with the Variation in the fide 
Column we ſhall find the Variation required ; 
which, if the propoſed Place be Weſt of London, 
and the Declination increafing, muſt be added to 
the Declination for the preſent Day, and 'the Sum 
AG aca; but if the-Neclinatipg 
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be decreaſing, then the Variation ſubtracted from 
the Declination gives that required; again, if the 
Place lie on the Eaſt fide of London, and the Decli- 
nation increaſing, then the Variation ſubtracted 
from the Declination for that Day, leaves the De- 
clination required; but if the Declination be de- 
creaſing, then the Variation added to the Decli- 
nation gives that require. ar 

Example. Let it be required to find the Sun's 

Declination when he is on the Meridian of St Lucia 
(whoſe Longitude from London is 60 15 Welt) 
on the ſixth Day of April 1731. To do this, I firſt 
look in the Tables for the Declination of the Sun 
the ſixth Day of April 1731, and find it to be 
19%, 15/, then for the ſame the following Day, 
and I find it to be 19, 29/, the difference of 
which 1s 14 Minutes, the Sun's daily Variation at 
that Time; then I look in the Top of the Table of 
Variation, c. for Go the difference of Longitude, 
and in the fide Column for 14; and below. 60, 
and in the ſame Line with 14, I find 2 Minutes, 
which (becauſe the Place is Weſt of London, and 
the Declination increaſing) I add to 199, 15, and 
the ſum is 197, 17/, the Sun's Declination at St Lu- 
cia the ſixth Day of April 1731. 

From this you may obſerve, that the Method of 
ſolving this Problem by the Table of Variation, 
Sc. is not near ſo good as the former, for here 
we can only enter the Table with a Number of 
Degrees, which is either 15% or ſome Multiple 
of it below 1957, and all the odd Degrees and 
Minutes muſt be thrown away; but in the former 
Method we can uſe any number of Degrees and 
Minutes. | 

53. And ſince the fix d Stars always keep the 
ſame Places in the Heavens (at leaſt in a few Years 
their Variation is inſenſible), tis plain their 


Peclination muſt ſtill be the ſame. At the * 
12 2 * 


1066 Tau by Obſervation. | 
of the Table of the Sun's: Declination, there is 4 


Table of the Declinations of the engl 
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SECT. IV. 


4.0 find the Latitudet of Places 5 the Arien, 
Aude, and Declination, of any Celgtial Otjets, 


This Problem admits of ſeveral Caſes, according 
as the obſerved Object is ſituate with reſpect to the 
| flow. © 35 of Obſervation: which are as 
1 ows. 


1 © Caſe 1. When the Sun or 87 baer has no 
1 Declination, or is upon the Equator, then the 
| | Zenith. diſtance of the Object is equal to the Lati- 
1 tude of the Place; which is North Latitude of the 
| f * or Star come. to the Meridian, on the 168 
| 
| 
| 
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For in the annexed Scheme, let Z repreſent the 


Seas of the Zenith; but South if on the North Side. 
0 Place of Obſervation PQ/pE ar" 
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the Equator, H O the Horizon, P the North and 
# the South” Pole; then dis plain, ſince che h- 
ſerved Object is ſuppoſeck to Have no H 
that E Q. will repreſent the Path of its diurnal 
Motion, and when it comes upon the Meridian, 


Z E will be it's Zenich Diſtance, which is manifeſt- 


ly equal to the Latitude of the Place Z. "Ant whey 
che ObjeR at E is South of E, tis plam the Place Z 
muſt be North of E, and conſequently the Lati, 
tude will be North. e 

Caſe 2. F the Sun or Star, When on the Meri- 
dian, is in the Zenith; then the Deelmation of the 
Object is the fame with the Latitude of the hull 


For it is evident that in this Caſe” they are 7 5 
E 


diſtant from the Equator, and on the fame 
it; conſequently if the Declination be North, the 
Latitude will alfo be North, and if South, South. 

Caſe 3. If the Sun or Star be between the Equa- 
tat and place of Obſervation, then the Latitude of 


the Place is equal to the ſum of the Zenith Di- 


ſtance and Declination of the Object; and it is 
of the ſame name with the Declination, viz.” if 
the Declination be North, the Latitude is alſe 


orth, & s contra, For in the adjacent Scheme, 
et A repreſent the Parallel deſcribed by the 
4 | bbſerved 


20s Latitude by Obſervation. 


obſerved Object in it's diurnal Motion, and A it's 
Place upon the Meridian, fituate between Z, the 
Place of Obſervation, . and EQ the Equator 3 
then *tis plain that Z E the Latitude of the Place 
Z, is equal to the ſum of E A the Declination, 
and. A the Zenith Diſtance, and if the Declina- 
tion be North, the Latitude will alſo be North, 
E contra; fince in this Caſe the Object and Place 
F ſame fide of the 


"Some Suppoſe. on the twelfth Day of April 
2732, the Sun, when on the Meridian, has 529, 
12! of Altitude, and conſequently 37, 48/ Zenith 
\ Diſtance, required the Latitude of * Place of 
N 3 


. > hs Ss Dean that Dy 12, 400 N. 
his Zenith Diſtance - {137 24% 


: the lum is the Latinade, vx. 50% 20 N. 


| Caſe 4. If the Sun or Star be on (the. /contrary 
| 1 a the Equazar, with. the Pyr of Obderrs 


* | 4 od 1 , 


tion, and conſequently both Declination and Zenith 
Diſtance, be af the ſame Name, viz. either both 
| rel pe bor Sputh | then the Latitude i ns 
by 
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by taking the Declination from the Zenith Diſtance, 
and it is of a contrary Name with the Declinatiorr. 
For in the adjacent Figure let BD repreſent the 
Parallel deſcribed by the obſerved Object in it's 
diurnal Motion, on the other ſide of the Equator 
EQ with the Place Z, and B will be it's Place 
when upon the Meridian; then *tis plain, that if 
from Z B, the Zenith Diſtance, be taken BE the 
Declination, there will remain Z E, the Latitude of 
the Place of Obſervation Z, and the Latitude will 
be of a contrary name with the Declination; ſince 
in this Caſe, the Object and Place are on contrary 


ſides of the Equator. 


Example. Being at Sea the twelfth Day of Ja- 
nuary 1732, I found the Meridian Altitude of the 
Sun to be 43% 15/; conſequently his Zeni 
Diſtance 46% 45/, and he was South of me: Re- 
quired the Latitude of the Place of Obſervation, 
and which way it is. 

From the meridional Zenith Diſtance. - 46, 45!, 8. 
take the Sun's Declination - - 19 , 35 , S. 
there remains the Latit. of the Place 27, 35 , S. 
When the Zenith Diſtance and Dechnation-are e- 
qual and both of the ſame Name, then the Lati- 
tude vaniſhes, and conſequently the Place is ſitua- 
ted on the Equator. * 

Caſe 5. If the Sun or Star be between the Place 
of Obſervation and the neareſt Pole, and conſe- 
quently both Declination and Zenith Diſtance be 
of the ſame Name; then from the Declination ſub- 
tract the Zenith Diſtance, and the Remainder is 
the Latitude of the Place of Obſervation, and it 
is of the ſame Name with the Declination. For in the 
annexed Scheme, let K L repreſent the Parallel de- 
ſcribed by the obſerved Object in it's diurnal Motion, 
and K will be it's Place when upon the Meridian; 
then *tis plain, that if from K E the Declination, be 


taken ZK the meridional Zenith Diſtance, there will 


remain 


— 
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remain ZE the Latitude of the Place, which wil 


be of the ame. name with the Declination, ſince the 


Obje& and Place of ſervation. are in this Caſe 
nope. Oe Rene: Ne Os, uator. "TE 
Example 1. Suppoſe an the twenty-third Day of 
June 1733, I obſerved the Meridian Altitude of 
the Sun to be 829, 4/ ; conſequently his Zenith 
Diſtance 7, 56“; Required the Latitude of the 


—— 


Place of Gbſervation, and which way it is. 


The Sun's Deelination that Day is - 222, 55! N. 
his Zenith Diſtance s - - 7, 6 N. 


the Difference is the Latitude, viz - 14 „ 59 N. 


_ Example 2. Being at Sea, I obſerved the Meridian 

Altitude of the middlemoſt Star. in the Tail of the 
great Bear, to be 36% .44! North; conſequently 
It's Zenith Diſtance 33®, 16“, and it's Declination 
being 536 22! North: Required the Latitude of 
the of Obſervation, and which way it is. 


From the Declination - 36, 22 N. 
© . take the Zenith Diſtance » 33 , 16 N. 


there remains the Latitude 2g 3.06 N. 
Cafe 6, 
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Caſe 6. If the Sun or Star be between the Hori- 
zon and the elevated Pole, then to the Altitude 
add the Complement of the Declination, and the 
Sum will be the Latitude of the Place of Ohſer- 
vation, and of the ſame name with the Declina- 
tion. For let AB be the Parallel deſcribed by 
the Object in it's diurnal Motion, B it's Place on 


D 


2 A 


Þ 


2 


Aeund N; then *tis plain, that if to BO the 
Altitude, be added BP the Complement of the 
Declination of the Object, the Sum PO will be 
equal to the Height of the Pole above the Hori- 
Zon, which (by Art. 47. Setz. III.) is equal to the 
Latitude of the Place of Obfervation Z, and it will 
be of the ſame name with the Declination, fince 


both the Place and the Otject are on the fame 


fide of the Equator. , 

Example. Being at Sea, I obſerved the bright 
Star of the Harp on the Meridian, between the 
Horizon and elevated Pole, it's Altitude being 8“, 
33', and Declination 38 33! North: Required 
the Latitude of the Place of — 


To the Complement of the Declinat. 0. 27 N. 
add the Altitude 9 780 
the ſum is the Latitude - = » „ 60,00N. 

* - »# | 4. Gafe 7. 
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- :Gaſe5. When the obſerved Object does not ſet, 
and 'confequently the Compliment of it's Declina- 
tion leſs than the Latitude of the Place; then ris 
plain, the Object will be twice upon the Meridian 
in 24 Hours, viz. at it's leaſt 2 eateſt Alti - 
tude; when the Altitude is leaſt, the Object i is then 
between the Horizon and elevated Pole, and by 
that Altitude and Declination of the Object, the 
Latitude of the Place may be found (as in the 
laſt Caſe); but when the Altitude is greateſt, the 
Object is then on the other ſide of the Pole. 
Now with theſe two Meridian Altitudes, without 
knowing the Declination of the Object, we can 
find the Latitude of the Place, thus; if the two 
Altitudes be both on the fame fide of the Zenith, 
then from the greateſt ſubtraCt the leaſt, and half 


the Remainder added to the leaſt gives the Lati- 


tude, of the ſame name with the Zenith Diſtance; 
for in the preceding Scheme, where A B repreſented 
the Parallel -of Declination, deſcribed by the Ob- 
np in it's diurnal Motion, B. O it's leaſt; and AO 

greateſt Meridian Altitude, tis plain, if from 


AQ b be taken B O, the Difference will be A B, 


the half of which P B added to BO, gives PO che 
Height of the Pole above the Horizon, equal to 
the Latitude of the Place. 

Example. Being at Sea, I obſerved the Norther- 


. moſt of the two preceding Stars in the Square of 


the Great Bear, which did not ſet, and found the 
leaſt Altitude to be 23%, 12!, and the greateſt 
72%, 46, both North of my Zenith: Required 
the Latitude of the. Place of ORs. | 
From the greateſt Altitude - 72, 46/ N. 
take the leaſt NS an '® ..i- % Av» 14 


the-Remainder iss 49 34 
the half of which is 24 , 47 
to which adding the leaſt Akimde -09-448- 


PR vill be 1 a = 47 » 59 
| which 
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which is equal to the Latitude of the Place, and 
it is North, becauſe the Zenith diſtance is on the 
North fide. - Y 

But if the greateſt and leaſt Meridian Altitudes 
of the Object be upon different ſides of the 
Zenith, viz. the one upon the North, and the 
other upon the South ſide; then from the Sup- 
plement of the greateſt Altitude ſubtract the leaſt, 
and half the Remainder added to the leaſt Alti- 
tude, will give the Latitude of the Place of Ob- 
ſervation, which will be of the ſame Name with 
the leaſt Altitude, iz. North; if the leaſt Alti- 
tude be North of the Place, & 2? contra. For in 


the annexed Figure, let BA repreſent the Parallel 


deſcribed by the Object in it's diurnal Motion, 
B and A the Places X the Object when upon the 
Meridian, - on- contrary ſides of the Zenith Z; BO 
it's leaſt Altitude, and HA it's greateſt Altitude, 
the Supplement whereof is AO. Now *tis plain, 
that if from AO we take OB, the Remainder 


will be AB, the half of which, PB, added to 
BO makes PO the Height of the Pole above the 
Horizon, or Latitude' of the Place Z ; which will 
be North, if the leaſt Altitude BO be on the 
North fide of the Place, becauſe in this Caſe the 


North Pole will be elevated. 


— 


1 . Example; 


— 
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' Example. Being at Sea, I obſerved the Sun when 
he did not ſet, and found his leaſt ' Meridian Al- 
titude to be 3®, 29! on the North Side of the 
Zenith, and his /greateſt Meridian Altitude was 
43®, 29/ on the South Side: Required: the ye 
of the Place of Obſervation, - 
From the Supplement of the Sun's iy: 1309, 3 i T 


greateſt Meridian Altitude 
take his leaſt Altitude — 3 29. 
. 5 
che half of which! is/ * .»þ due 6605231 + 
the Sum - : „ 70 , 00 N. 
the + Late ofthe Plc: of Obſervation. DIO; D 
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"1 
"of the Elements of 8 


IME. coſideted abſtractly, without any 
relation to external Objects, flows always 
equally and uniformly, and it is called abſolute, 
true, and Mathematical Time, or, . ſimply, Dura- 
tion. But that Which commonly goes under the 
name of Time, is a certain part of Duration mea- 
ſured by the ſimple and uniform Motion of ſome 
Body, ſuch as the Motion of the celeſtial Bodies; 
and particularly of the Sun and Moon; this is cal- 
led Relative, Apparent, or Vulgar Time. 

2. Time is divided into Years, Mo . Wenke. 
Days, Hours, Scruples or Minutes, 
8. A Day is of two Kinds, viz. ae or 4: 
10 a Nataral Day is that ſpace of Time that 
ſſows while the Sun moves from any Meridian, till 
he . A. te Dy 
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is that ſpace of Time that the Sun continues above 
the Horizon, and the . he continues below it 
is called a Night. 

4. An Hour is a certain determinate Part of the 
Day, and is either equal or unequal. An equal Hour 
is the twenty-fourth Part of a natural Day; and 
an unequal. Hour is the twelfth Part of an artificial 
Day, which is alſo. called a diurnal Haur, as the 
twelfth. Part of the Night is called a nofFurneh 
Hour; theſe are likewife called Temporary Hours, 
becauſe at different Seaſons of the Lear they are of 
different Lengths, for a diurnas Hour in the Sum- 
mer is longer, and a Nocturnal 'ſhorter 3 than in; 


the Winter; but in the equinoctial Day, 3 diurnal 


Hour is equal to a necturnal, and then thy: aue 
called equinofial Hours. 

5. The diurnal Hours begin at the ring and/ = 
at the ſetting of the Sun; and the #ofurnu! Hours 
begin at the ſetting and end at the riſing of the 
Sun. Theſe Hours were antiently in uſe among the 
Fews and Romans, and at preſent among the Turks. 
They were antiently called Planetary Hours, be- 
cauſe in every Hour one of the ſeven Planets wWas 
ſuppoſed to preſide over the World; thus for Ex- 
ample, on Sunday, the firſt Hour from Sun-riſing 
was allotted. to the Sun, the ſecond fell to Venus, 
the third to Mercury, and ſo on to the reſt in order, 
viz. to the Mn, Saturn, Jupiter and Mars; by 
which means, the firſt Hour from Sun- riſing, the 
next Day fell to the Moon; from which it was 
ealled Monday, and ſo on thro? the other Days of the 
Week, each Day getting it's Name from the Planet 
thixt was ſuppoſes to preſide the firſt Hour of that 


Day. 
6. The Day in different Mae begins at diffe- 


rent Times. Thus the Babyloniens, Ajyrians, and 


ſeveral other eaſtern Nations began their Day at 


n „ lean * 
3 r 


[ 
| 
1 
| 
| 
| | 
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firſt Hour, and ſo counted on till they came to the 

twenty-fourth or laſt Hour, which was the Hour 
before Sun-rifing. The Jews and Grecians began 
their Day at Sun-ſet ; as at this Time the 1talians, 
Sicilians, Bohemians, Polanders, and Auſtrians do; 
the Hour before the Sun-ſer they call the laſt or 

twenty-fourth Hour, and the Hour after the Sun 
is ſet, they call the firſt Hour; and ſo count on 


to the twenty- fourth, when the Sun-ſets __ 


7. The Egyptians, and Romans, anciently began 
their Day at Midnight; which was followed by 
Hipparchus, Copernicus, and other Aftronomers, in 
their Aſtronomical Obſervations, and is ſtill retain- 
ed in Britain, France, Spain, and moſt other Places 
in Europe; but the Arabs, and modern Aſtronomers, 
begin the Day at Noon, viz. when the Sun i is upon 
the Meridian. 

8. A Week is a Succeſſion of ſeven aue Days, 
each of which has a particular Name allotted to it, 
viz. the firſt is called Sunday, the ſecond Ada, 


"and ſo on. 


9: A Month is a certain Syſtem of Days, con- 
fiſting of ſomething more or leſs than thirty Days, 
and is of two Kinds, viz. Aftronomical or Civil; an 
Aſtronomical Month is that which is governed ei- 
ther by the Motion of the Sun, or that of the 
Moon ; and conſequently is of two Kinds, viz. Solar 
or Lunar. A Solar Month is that time which the 
Sun takes to run through a whole Sign, or the 
twelfth part of the Ecliptic ; and a Lunar Month 
is that which is meaſured by the' Motion of the 
Moon round the Earth, and is of three Kinds, viz. 
Periodical, Synodical, and that of Illumination ; the 
Periodical and Synodical Months are defined: in 
Art. 45. See. III. and the Month of Wamination or 
Apparition, is that ſpace of Time contained between 
the Day that the Moon begins to appear after 
change, to the Day _ I diſappears; and fiſt 
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conſiſts of twenty-eight Days nearly. A Civil or Po- 
litical Month, differs from the Afronemical, and 
conſiſts of more or fewer Days according to the 
Inſtitution of the Country in which they are uſed. 

10. A. Year is a certain Syſtem of Months, and 
is either Aſtronomical or Civil; the Aftronomical 
Near is of two Kinds, viz, Solar, or Lunar; and 
the Solar Year, is either Sidereal or Tropical. The 
Sidereal Year is that Space of Time that the Sun 
takes to move from a fixed Star till he return to 
the ſame again; and it conſiſts of 36g Days, 


6 Hours, 9 Minutes, and 14 Seconds; the Tro- 
pical Year is that Space of Time which flows while 


the Sun moves from any one of the (Cardinal 
Points, till he returns to the ſame again; and it 
conſiſts of 365 Days, 5 Hours, 48 Minutes, and 
57 Seconds, and commonly gets the Name of the 
Solar Year. 

11. A Lunar Year conſiſts of a certain number of 
Months, and is either Common or Emboliſmic. A 
Common Lunar Year conſiſts of twelve Synodic and 


tions, and an Emboliſmic contains thirteen. 


12. The Civil or Political Year confiſts of à cer- 


tain number of Days, more or fewer, according to 


the Laws and Cuſtoms of the Countries in which 
it is received. 

13. Since the N Lunar Year conſiſts of 
twelve Synadic Months, or 354 Days nearly, and 
the Solar conſiſts of 265 Days, (throwing away + 
the odd Hours and Minutes) tis plain that the 
Solar Year will exceed the Lunar by about 11 


Days; and conſequently in the ſpace. of about 


thirty-three Years the beginnirty-of the Lunar Year 


will be carried thro? all the Seaſons; and hence it 
4s called the Moveable Lunar Year. This form of the 
Lear is uſed at this Time by the Turks and Ara- 


bians ;, and becauſe in three Years Time, the Solar. 


exceeds the Lunar by 33 1 therefore to 9 


3 


* 


118 The Elements of Chronology. 
the Lunar | Months in the fame Seaſons and Times 
of the Solar Mar, or near it, they added a whole 
Month to the Lamar Nar, every third Year, and 
ſo made it conſiſt of thirteen Months; this Year 
they called the Emboliſmic Year,” and the additional 
Month; the Embolimean or Intercalary Month. This 
form of the Lunar Year is called the fixed Lunar 
ear; and it was uſed by the 93 —— 
till Julius Cſar's Time. | 

. The Egyptians made uſe of the Solar Years; 
and made each conſiſt of 365 Days, which wants 
of the Tropical Year, almoſt 6 Hours; and conſe- 
g the Egyptian Year began always 6 Hours 
than the Tropical Var; by which means 
in four times 36g or 1460 Years, (called the Grea/ 
Canicular Nrur, or Sotbiacal Period ) the beginning 
of the "Year. moved thro' all the Seaſons, 

15. Julius Ceſar, in order to reduce the Civil 
or Palitical Yrar, nearly to an equality with the 
Tropical, and confidering that the Tropical Year 
conſiſted of 365 Days, and 6 Hours nearly, which 
exceeded * Covi Year by 6 Hours each Year, and 
conſequently in four Vears exceeded it by one 
hole Day; he ordered that to every fourth Year 
there ſhould be one Day added, and ſo make it 
conſiſt of 566 Days, by which means the Civil 
and Solar Years were reduced pretty near to an E- 
quality. This additional Day was put in thee Month 
of Februam, and becauſe in the common Year, the 
twenty fourth Day of February vas called by the 
Roman, the ſixth of the Kalends of March, there- 
fore he ordering that this Day ſhould' be added 
after the-twenty-fourth' Day of — and called 
by the ſame Name; there happened every fourth 
"Year two Sixths of the Kalends of March, and hence 
that Tear was called Biſſarrile or Leap-Near. This 


rr 8 5 
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16. But the true Length of the Year being '365; 
Days, 5 Hours, and 49 Minutes nearly, and by 
the Julian Account 363 Days and 6 Hours; tis 
plain the Civil Year exceeds the Solar by 11 Minutes 
dy Conſequently if the Sun any Year enters 
the Equino#ial on the twentieth Day of Adarch 
at Noon, the next Year, he will enter the Zqui- 
noctial the fame Day, 11 Minutes before Noon, 
the next, 22 Minutes before Noon, and ſo on. 
Conſequently in 131 Years the Solar will anticipate 
the Civil Year, by one whole Day; and ſo either 
Equinox will not happen always on the ſame Day 
of the. Civil Near, but be carried in a Retrograde 
Order thro' all the Days of it. This was what put 
Pope Gregory XIII upon reforming the Julian 
Kalendar; for finding that at the Time of the 
Nicene Council, when the Time of celebrating Eaſter 
was inſtituted, the Vernal Equinox happened the 
twenty-firſt Day of March; and by flowing con- 
tinually backwards, it happened at his time, in 
the Year 1 572, on the eleventh Day of Merch, 
anticipating it's former Time, by 10 whole Days; 
he ordered that theſe 10 Days ſhould be taken out 
of the Kalendar, and the eleventh Day. of Marc 
ſhould be reckoned the twenty-firſt ; and to prevent 
the Seaſons of the Year from going any more back- 
wards, as they were before, he ordered that every 
hundred Years of the Chriſtian Ara (which accord- 
ing to the Julian Kalendar is Biſſextile) ſhould be a 
common Year, and ſo conſiſt only of 565 Days; 
but this being too much, therefore every four hun- 
dred Year. was to remain Bifſextile or Leap-Near. 
This form of the Year is receiyed in France, Spain, 
Germany, 'taly, and other Countries that allow 
of the Pope's Authority; as alſo in Holland, and 
ſeveral; other Places where the Reformed: Religion 
Is rn But the Bretfþ and. et Reformed 
0 | 4160 | northern 
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northern Nations ſtill retain the Julian form, which 
is called Old-Siile, and the Gregorian, New-Stile. | 
17. A Kalendar is a regular Diſpoſition of the 
Days in the Civil Zear, into Months and Weeks; 
each Day of every Week being diſtinguiſhed from 
another, by one of the firſt ſeven Letters of the Al- 
phaber, viz. A, B, C, D, E, F, G. Beginning at 
the firſt of January, to it is annexed the Letter A, 
to the ſecond: the Letter B, to the third C, and 
ſo on to the ſeventh, to which is annexed the 
Letter G; and beginning again with the Letters, 
to the eighth is annexed A, to the ninth B, to the 
tenth C, and ſo on thro' the reſt of the Days of 
the Year, each of them having one of theſe Letters 
annexed to it. Hence *tis plain, that whatever 
Letter is placed againſt any Day of any Week ; 
that Letter will be placed againſt that Day through 
the whole Lear: Thus if the firſt Day of January, 
againſt which ſtands the Letter A, be a Sunday; 
then all the Days in the Kalendar having the 
Letter A ftanding againſt them, will be Sundays. 
Alſo if the fourth Day of January, againſt which 
ſtands the Letter D, be a Sunday, then all the 
Days in the Kalendar, having D, annexed to them 
will be Sundays. The Letter which anſwers to the 
Sundays throughout the Year, is called the Dominical 
or Sunday Letter, for that'Year. 

But ſince the Common Year confiſts of 365 
Days, if that be divided by ſeven, the Quotient 
will be 52 Weeks, and one Day over; and fince 

if nothing remained, then whatever Day of the 
Weck the Year began on, the ſame Day of the 
Week would be the firſt Day of each ſucceeding 
Tear; *tis plain that whatever Day of the Week 
any Year begins on, the fame Day of the Week 
will be the laſt Day of the Year; and conſequently, 
if the firft Day of January, to which is. anpex- 


ed the Letter A, be Sanaey, the laſt Day 1 
| ear 
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Year will be Sunday, and the firſt of the next will 
be Monday, and the firſt Sunday of the Lear will 
fall on the ſeventh Day, to which is annexed the 
Letter G, which therefore will be the Dominica 
Letter all that Lear; and ſince the Year began 
on Monday, it will alſo end on Monday, and the 
firſt Day of the next Year will be Tueſday; con- 
ſequently the firſt Sunday will fall on the ſixth 
Day, to which is annexed F, which therefore will 
be the Dominical Letter all that Lear. And the 
ſame way the Dominical Letter the Year following 
will be E, and for the next D; and in this retro- 
grade order the Dominical Letter is carried ſuc- 
ceſſively thro* the ſeven, after which it begins 
again. 

18. From what has been ſaid 'tis plain, that if 
the Year conſiſted of 365 Days exactly, after a Pe- 


riod of ſeven Years, the ſame Day of each Month 


would fall on the ſame Day of the Week. But be- 
cauſe every fourth Year is Biſſextile; conſiſting of 
366 Days, which is equal to 52 Weeks, and 2 Days; 
therefore if that Year begins on a Sunday, it will end 
on Monday, and the next will begin on Tueſday, and 
the firſt Sunday of that Year will fall on the ſixth 


Day of Fanuary, to which is annexed the Letter F, 


which will be the Dominica! Letter for the Year 
following the Leap-Near, whoſe Dominical Letter was 
A. And ſince the Biſſextile or Leap-Year, returns 
every fourth Year, *tis plain the Series of Dominical 


Letters will be interrupted, and will not return 


till after four times ſeven, or twenty- eight Years. 
And hence ariſes the Cycle of twenty-eight Years 
called the Solar Cycle, which being completed, the 
Days of the Month return in the ſame order to the 


ſame Day of the Week. 


19. And ſince in every Leap-Zear, the Interca- 


19 
lary Day is placed between the twenty-third and 
. wenty-tourth Day of February, and ſo makes 


two 
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two twenty-fourths of February ; which in the 
Kalendar are eſteemed as one and the fame Day, 
and have the fame Letter aſſixed to them, and 
which by our way of reckoning are called the 
twenty - fourth and twenty- fifth Day of February; 
*tis plain the order of the Dominical Letter will at 
that time be interrupted, and the ſucceeding Letter 
will take place; thus py in a Leap-Near the firſt of 
January be Sunday, and conſequently the Dominical 
Letter” A; the twenty-fourth Day of _ February, 
will fall upon a Friday, and the twenty-fifth on a 
Saturday; and ſince both thefe Days are marked in 
the Kalendar with the ſame Letter F; the following 
Day, which is Sunday, will be marked with G, 
which Letter will mark out all the Sundays, and 

ntiy be the Dominical Letter, the remain- 
ing part of the Year. And hence it is that every 
Teap-Year has two Dominical Letters, the firſt of 
which ſerves from the beginning of the Vear to the 
twenty fourth or twenty-fifth Day of F:bruary, and 
then the other takes Place, and ſerves for the reſt of 
the Year. 

20. The firſt Year of the Solar Cycle was placed 
in a Leap-Near, having for it's Dominical Letter G 
and F, whence the Dominical- Letter for the ſecond 
is E, for the third D, for the fourth C; and the 
fifth Year of the Cycle is again Bifſextile, whoſe 
Dominical Letters are B and A, conſequently the 
Dominica! Letter for the ſpeth Year is G, and fo 
on, as in the following Table, which ſhows the 
-Dominical Letter 21 — 2 ear in che — A -licz 


F 
A 


PSHE: PE 7755 


24 2 
26.5 
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- Whence ?tis plain, that by knowing the Year of 
the Cycle, we can find the Dominical Leiter anſwer- 
ing thereto from the Table. Now ſince the firſt 
Year of the Chriſtian Ara happened on the tenth 
Year of the Cycle, and conſequently . 9 Tears of 
the Cycle were elapſed before the Chriſtian Ara 
commenced ; therefore to find the Year of the 
Solar Cycle for any Year of the Chriftian Ara, and 
the Dominica! Letter belonging to it; we muſt add 
9 to the given Year, and divide che Sum by 28, 
then the Quotient will ſnow how many com 
Cycles have paſt fince the firſt Year of the Solar 
Cycle, that the Chriſtian Ara commenced in, and 
the Remainder, if there be- any, will ſhow--the 
current Year of the Cycle; but if there be no Re- 
mainder, then the Year is the laſt, or twenty · 
eighth Year of the current Solar Cycle; and ha- 
ving found the Year of the Cycle, we have the Do- 
minical Letter GOES it from the preceding 
Table. 


Year of the Solar Cycle the Year 1734 is, and the 
Demenicas Letter belonging to it. 

Firſt, I add q to the given Year, and the Sum is 
1743, which divided by 28, the Quotient 62 
ſhows that there are 62 complete Cycles elapſed, 
ſince the firſt Year of that Cycle in which the Chri- 
ftian Mra commenced; and the Remainder 7 ſhows 
that the Year 1734 s the ſorench Year of the eit 


rent Cycle; — looking in_ th ding Table, 
for the ſeventh Year of the Cycle, I find the Damn» 
cal Letter anſwering thereto is F. 


21. Since the Revolutions of the Sum and Aber 
are found conſtantly to be the ſame,” the A 
moving with about thirteen Times the Velocity 0. 
the Sum; it follows, that after a certain Number 
of Revolutions, they muſt meet again in the ſame 
** Time won 

Wal 


Example. Suppoſe it were required to find what 


283. It has been — 18 
the Solar ' Near exceeds the = 7 
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which by Metan the Achenian, was faid to be 19 
Tears juſt; after the Expiration of which Time 
the New and Full Moons were ſuppoſed to happen 
on the ſame Day and time of that Day, and in the 
ſame Month, they did 19 Years before that. This 
Cycle is from it's — called the Muonic Cycle ; 
alſo tis called the Lunar Cycle. 

22. This Cycle began 1 Year before the Com- 
mencement of the Chriftzan Æra, and conſequently 
to find what Year of the Cycle any Year in the 


. Chriſtian Ara is; we muſt to the given oo 


add 1, and divide the ſum by 19 ; then the 
tient will ſhow how many Cycles have — 
ſince the Commencement of the Chriſtian Ara, and 
the Remainder will ſhew what Year of the Cycle 
the preſent Year is; if there be no Remainder, 
then the given Year will be the laſt, or nineteenth 
Tear of the Cycle. The Year of the Cycle anſwer- 
ing to any given Year, is, for it's great Uſe in 
determining the Times of the New and Full Moon, 
and thereby knowing what Day of the Month 
Eafter-Day falls upon, called the Golden Number, or - 
Prime for that Lear. 

- Example. Required the Golden Number for the 
Year'1732. 

Firſt, I add 1 to the given Year, and the ſum 
is 1733, this diyided by 19, gives 9x for the 
Quotient, and four for the Remainder; which 
ſhows that there has revolved 91 complete Lunar 
Orles, ſince the firſt Year of that Cycle in which 
che Cbriſtian Ara. commenced, and that the given 
Year is the fourth Vear of the current Cycle, con- 
ſequently 4 is the Prime or S Number for the 
Lear 7 . it | | 

of this, that 
11 Days near- 
ly; | conſequently if the Moon he New, or in Con- 
— peas on the laſt Day, or 3 
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firſt of December in any Year, on the laſt Day of 
the next Year it will be 11 Days paſt Conjuntipe; 
and on the laſt Day of the following Year it will 
be 22 Days after new Moon; but becauſe” in the 
ſucceeding Year this amounts to 33 Days, and 30 
Days being allowed for a complete Moon: - *tis 
plain, in that Year there will have happened I 
Conjunctions, and the Moon will be 3 Days 
Change on the laſt Day of it; conſequently on the 
laſt Day of the next Year the Moon will be 14 
Days paſt the Conjunction, and ſo continually in- 
creaſing by eleven Days yearly, till after the end of 
19 Years it will become the ſame as before, The 
Age of the Moon or number of Days paſt ſince the 
Conjunction, on the laſt Day of any Year N | 
the Epact for the ſucceeding Year, 

24. Now ſince the Epaz# for the firſt Year of 
the Lunar Cycle was 11, the | Epa#: for the Second 
will be 22, for the Third 3, for the Fourth 14, 
for the Fifth 23, and fo on conſtantly increaſing. 
by 113; it follows that to find the Egan for an 
Year, we muſt multiply the Golden | Number for 
that Year by 11, and divide the Product by 30, 
and the Quotient, if there be any, will ſnow how 
many Embolimean or Intercalary Months has hap- 
pened ſince the firſt: Year of the current Oele, and 
the Remainder will be the Epa# for the given 
Year ; or will ſhow how many Days have elapſed 
between the laſt Day of the former "Year, and the 
immediately preceding Conjunct ion 
Example. Required the Epa## for the Year 173 5. 
Firn, By Art. 22. I find the Galden Number for 
the Year 1735 to be 7, which multiplied by 11, 
i 77> an this divided by 30, gives 2 for the 

Quotient, and 17 for the . Remainder, and conſe- 
_y there has been 2 | Zntercalary Months ſince 

Commencement of the current Cycle to the Year 
1735, and 17 is the Epact for that Year, or * 
2 f 
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une de lan the laſt Day of | December 
1734. 
2. Since by Art. 23 - the EpaB for any Year 
ſhews the ————ů—ů ů 2 
preceding Lear, tis plain if to the Epact we add 
1, the Sum will be the Age of the Moon the firſt 
Day of that Lear; but becauſe the —.— Manth, 
or Time between any two immediate Conjunctions, 
is equal to 29 Days and an Halt, f 
containing 31 — therefore if to the Age 
of the Moon on the firſt of January be added 11 or 
(to avoid Fractions) 2 Days, the ſum will be 
the Age of the Moon on the firſt of February; 
— becauſe in common Years the Days in January 
and February taken together make 39, which: is 
exactly equal to two entire Lunations, there- 
forE the Age of the Moon on the firſt of January 
will be the ſame with it's Age on the firſt of 
March, and conſequently to it's Age on the firſt 
of January, there is nothing added, in common 
ears, for it's Age on the firſt of March; but 
in * LeapsTeors the ſum of the Days in January and 
February being 60, which is more than two entire 
Lunations by 1 1 it is evident that in this 
re add 1 Day to the Man's Age 
on the firſt — and the ſum will be it's 
Age firſt of March. And by the fame 
—— that to find the 
Age on the Day of any Month, 
we o it's Age on the firſt of Fanuary 
— viz. for Felruary 2, for 
common Years, and 1 in Leap- Tears, 
or May 3, 5 June 4, for Fuly 5, 
September 8, for October 8, for 
N. 7 or December 10. Theſe addi- 
tional Numbers are called the Numbers of the 
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: * * * * 


1856. From 


26. From what has been ſaid in the two , laſt 
Articles, there naturally follows this Rule for find; 
ing the Age ef ibe Moan, on any. Day, of a given 
Year, wiz, To the Epad for the given Tear, add 
the Day of the Month, and number of the Month, 
and if the ſum be leſs than 30, it is the Age of the 
Moon required; but if it exceed go, then take 30 
from it, and the Remainder is the Moon's Age. 
| Example. Required the Moon's Age on the 13th 
Day of May 1733 of 1253-30 Hin 
. Firſts, By Art. 24. I find the Epa for that Tear 
to be ag to which adding 13 the Day of the given 
Month and 3 the Number of it, the ſum is 413 
from which taking go there remains 11, the Maas 
Age on the given Day. LO [1 fad: a4 * 
27. Since the Mn takes 30 Days from one 
Conjunction with the Sun to the next following 
tis plain ſhe muſt be 15 Days ald when Full, 
hen in the firſt Quarter; and 221 Day 
when in the laſt, arter. Conſequently to fnd in 
any Month of a given Year the Day of the Moon's 
Change, and when Full, and When in either gf | 


ter, We have this Rule, viz. Aſſume any Day 
that Month at Pleaſure, and by the laſt Are. 
the Age of the Man on that Day ; then if it be 
15, the Moon will be Full that Day, and counting 
71 Days backwards and forwards from that Day, 
we ſhall have the Times of the firſt and laſt Qyarters, 
and by. counting backwards and forwards from it. 
15 Days we ſhall have the Limes of the lat and next 
Change. But if the Age of the Maon be. greater 
than 13, then take 15 from it and the Remainder 
will ſhow how many Days has run fince laſt Full 
Moon. So counting thaſe backwards we ſhall have 
the Day the laſt Full Moon happened on; and by 
knowing that, we can find the Days of the Change 
and either Quarter as before. Again, if the, Age 
of the Moon on the aſſumed Day eee 


— 


128 The Elements of Chronology. 


then take that from 15, and the Remainder will 
ſhow how many Days are to run till the next Full 
Moon ; and therefore counting ſo many for 
we ſhall have the Day of the Full Moon, by which 
we may find the Days of the Change, and either 
Quarter as above. 
- - Example. Required the Times of Full Moon, New 
Moon, and firſt and laſt Qyarters in October 1734. 
Firſt, I aſſume any Day at Pleaſure, ſuppoſe the 
tenth of that Month; then by the laſt Art. I find 
the Moon's Age on that Day to'be 24 Days, from 
which taking 15 there remains 9, the Number of 
Days fince the laſt Full Moon; therefore counting fo 
5 Days backwards, I find the Full Moon hap- 
pens on the firſt Day of that Month, and count- 


ing 71 Days forwards, from that I find that the 


laſt Quarter happens on the ninth Day; then from 


the firſt Day, on which the Full Moon happens, 


counting 15 Days forwards, I find that the Change 
falls on the x6th Day, and reckoning 71 Days for- 
ward from that, I find that 12 firſt Dee falls on 
the twenty fourth Day. 

28. When the Moor is in Conjuntion with the 
Fun, then they both come to the Meridian at the 
fame time; but the Moon moving ſtill Eaſterly 


wich a Velocity much greater than that of the San, 


tis evident that when the Sun comes on the Meri- 
dian the next Day, the Moon will be on the Eaſt fide 
of it, and conſequently cannot be upon the Meri- 


Gian till ſome time after the Sun; and becauſe ſne 


her Revolution in 30 Days, therefore in 
that Time, the difference of Time between the Sun 
and Moon's being on the Meridian will run through 
the whole 24 Hours: and hence by obſerving any 
Day how long Time the Moon takes to be upon 
the Meridian after the Sun, we may by this find 
the Age of the Mon that Day, making the fol- 


lowing Proportion, viz. As 24 Hours, the whole 


difference 
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difference of Time, is to 30 Days, the whole Num- 
ber of Days from Change to Change, ſo is the ob- 
ſerved Difference of Time on any Day, to the 
Days run fince the laſt Change; or the Age of the 
Moon at that Time. 002 230 

Example. Suppoſe on any Day the Moor is ob- 


ſerved to be upon the Meridian 3 Hours after the 


Sun; Required the Age of the Moon at that Time. 
Make it, as 24 is to 30, ſo is 5 to 643 conſequently, 
the Moon is 64 Days old at the Time of Obſer- 
vation. SET $908.70 Fi men q 
29. The Mon moving rbund her Orbit, or 360 
Degrees, in 30 Days, ſhe muſt move 12 | Degrees 
in 1 Day; but ſince her Motion is from Weſt to 
Eaſt, and any heavenly Body, 13 Degrees to the 
Eaſtward of another being 1 Hour later of coming 
to the Meridian than that other; therefore making 
it as 13 Degrees is to 1 Hour, ſo is 12 Degrees to 
5 of an Hour, or 48 Minutes; we find that the 
Moon is always 48 Minutes later of coming to the 
Meridian any Day than ſhe was the Day before; 
and becauſe ſhe comes on the Meridian at the fame 
Time with the San on the Day of her Change ; 
therefore to find her Soutbing, or Time of her com- 
ing on the Meridian, any Day, we muſt firſt find 
her Age (by Art. 26.) for that Day, then this mul- 
tiplied by 48, will give the Minutes of difference of 
Time between the Sun and Moon's coming on the 
Meridian; which divided by 60, will ſhow how 
many Hours and Minutes the Moon is later of 
coming on the Meridian than the Sun; and count 
ing ſo many forwards from twelve of the Day, 
we have the Time of the Mabn's Soutbing. If the 
Hours and Minutes found as above be lefs than 12, 
then that will be the Time of the Moon's Southing 
after Mean; but if greater than 12, then take 12 
rom them, and the Remainder will be the Time 
of the Moon's Southing in the Morning. 


« K Example. 


% 
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. - Example. Required the Time of che Moon's 
Southing on the 12th of OFober 1732, 

_ Firſt, (By Art. 26.) I find the Age of the Abo 

that Day to be 4 Days, Which multiplied by 48, 

gives 192 Minutes, for the difference of Time be- 

eween the Sun and Moon's coming to the Meridian 
that Day; and this divided by 60 gives 3 Hours 
and 12 Minutes ; which being leſs than 12 Hours, 
is the Time of the Moon's Soutbing after Non. 
Example 2. Required the Time of the Man's 

Southing the 21ſt Day of May 1733. 

Fi, (by Art. 26.) I gad the Moon's Age chat | 

Day to be 19 Days, which multiplied by. 48, gives 

912 Minutes, the difference of Time between the 

Sun and Moon's being on the Meridian that Day, 

and this reduced, makes 15 Hours and 12 Minutes ; 

from which taking 12, there remains 3 Hours 

12 Minutes, which ſhews that on the 21ſt of May 

2733s the Avon comes on the Meridian, at 12 

Minutes paſt 3 in the Morning. 

30. It was faid at Art. 20. of this, that the firſt 

Year of the Solar Cycle was Leap-ear ; z conſequent- 

ly the fifth muſt — Leap-Near, and the ninth muſt 

alſo be Leap-Year ; but the Chriſtian Ara com- 
mencing on the tenth Year of the Solar Cycle, 
therefore the firſt Year of that was the firſt after Leap- 

Year, and the fourth was Leap-Near, alſo the eighth, 

twelfth, foxteenth, &c. were Leap-Nears ; whence 

to find whether any propoſed Year of the Chriſtian 

Era be Leap-Year, or how many it is paſt the 

laſt Lrap- Year; we muſt divide the propoſed Year 

by 4, and if nothing remain, then the propoſed 

Lear is Leap-Nrar; but if any thing remain, that 
88 

Leap- rar. 

Example. Required whether the Tear 1730 be 
2er lar, or how many fin lit Leap-7er | 


I aivide 
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I divide the propoſed Year 1730 by 4, and there 
remains 2, ſo I conclude that the Year 1730 is the 
ſecond after Leap - tar. Atty ring 4 941 
31. It bas been ſhown at Art. 17. of this, that 
to every Day of the Year there is annexed one of 
the firſt ſeven Letters of the Alphabet, beginning 
with A, which is always annexed to the firſt of 


January, and in any common Year, the Letter an- 


nexed to the firſt Sunday of Fanuary is called the 
Dominica! Letter for that Year ; but each Leap-Year 
having two Dominica! Letters (by Art. 19.) the firſt 


of which ſerves from the beginning of the Year 


to the twenty-fourth or twenty-fifth of February, 
and the other for the reſt of the Year; conſequent] 

the Dominical Letter for any common Year, wil 
ſhew what Day of January the firſt Sunday of that 
Year happens upon, reckoning from A (which is 
annexed to the firſt of January) according to the 
natural Order of the Letters, and in any Leap- Near 
the firſt of it's two Dominica] Letters will ſnew what 
Day of January the firſt Sunday of that Year falls on, 
counting from A, as above; thus in the Year 1730, 
the Dominical Letter is D, ſo counting from A, viz. 
making A one, B two, C three, and D four, I 
find that the firſt Sunday of that Year. falls on the 
fourth Day of January; and by knowing what Day 
of January the firſt Sunday of any Year falls on, 
we may know what Day af the Week the firſt Day 
of that Year- falls upon, by counting ſo many 
Days back from Sunday; thus, ſince in the Year 
1730, the firſt Sunday falls upon the fourth of 


January; therefore the third will be Saturday, the 


ſecond Friday, and the firſt Thurſday ; conſequently 
the Year 1730 begins upon Thurſday, From 
what has been faid, there ariſeth the following 
Rule for finding what Day of the Week any Day 
of a given Year falls upon, viz. Find the Day of 
the Week gnfwering 3 firſt of Fenuamy that 
Mas. 2 


Lear; 
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Year; then add r the Days contained in 
each Month; from the beginning of the Tear to 
the Month in which the propoſed Day is, and to 
this add the Day of the given Month: Laſth, Di- 
vide this Sum by 7, and if nothing remain, then 
the Day of the Week, preceding that Day which 
anſwers to che firſt of Fannary that Year, 1s the Day 
anſwering to the propoſed Day; but if any thing 
remain, then counting ſo many forward (begin- 
ning with that Day, the firſt of Janairy falls on) 
we ſhall have the Day of the Week, the propoſed 
Day falls upon. Note, The Days contained in each 
Month, are as follows, viz. January 31, Februa- 
ry 28 in common Years, and 29 in Leap- Tears, 
March 31, April 30, May 31, June 20, Juh 31, 
Aupuſt 31, September go, Oy 37, November 30, 
December 31. 

Example. Required what Day of the Week the 
* of 955 1730 falls upon. 

Firſt, By the preceding Rule in this Article, I 
find that the firſt of January 1730 falls upon a 
Thurſday ;, then to the Numbers, 31, 28, 31, 30, 
31, 30, anſwering to the elapſed Months, I add 8 
the Day of the given Month, and the Sum 189 
divided by 7, there remains nothing, fo I conclude 
that the eighth of 7uly 1730 falls upon a Weane/aay. 

Example 2. Required what Day of the Week 
the twenty-firſt of March 1730 falls upon. 

By proceeding as in the laſt Example, I find 
after Diviſion that 3 Remains, and the Year be- 
ginning upon a Thurſday, therefore counting Thur /- 
day 1, Friday 2, and Saturday 2, I find that the 
propoſed Day falls upon Saturday. __ 

22. According to the Decree of the Nicene Coun- 
ci! (Which is followed by the Church of England) 
the Sunday after the fourteenth Day of that Moon 
Which happens after the twenty-firſt of March in- 
lehr, i. e. after the 23 of the 
| ewenty= 
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twenty-firſt -of ' March, is Eafter-Sunday. And 
ſince the fourteenth Day 'of that Moon, or the 
Paſchal Full Moon can never happen before the 
twenty-firſt of March, nor after the eighteenth of 
April; therefore Eaſter-Day can never happen 
ſooner than the twenty- ſecond of March, nor 
later than the twenty- fifth of April. Now to find 
what Day of March or April, Eaſter-Day falls up- 
on in any Year, we have from the foregoing Ar- 
ticles, the following Rule, viz. Firſt, (by Art. 26.) 
find the Age of the Moon on the twenty-firſt of 
March that Lear, and if it be 14, then by the 
laſt Article find the Day of the Week anſwering to 
it, and the Sunday following is Eaſter-Day; but 
if the Moor's Age on the twenty-firſt of March be 
not 14, then reckon forward to the Day in which 
her Age is 14, and by the laſt Article, find the 
Day of the Week anſwering to that Day, and rec- 
koning forward to the next Sunday, we ſhall have 
the Day required. 

” "Example. Required when Eaſter- Dey happens i in 
the Year 1730. 

Firſt, I find (by Art. 26.) that the Age of the 
Moon on the twenty-firſt of March 1730, is 133 
conſequently counting 1 forward, I find that the 
14th Day of the Moon, or the Paſchal Full Moon, 
happens on the twenty-ſecond Day of March ; then 
(by Art. 31.) I find that the twenty-ſecond of 
March 1730, is Sunday ; therefore counting _ 
wards to the next Sunday, which is Eaſter-Day, I 
find it happens on the twenty-ninth of March. 
Note, In Leap-Years, inſtead of the twenty-firſt of 
March you muſt uſe the twentieth; becauſe in theſe 
Years February is increaſed by 1 Day. 

33. From the Cycles of 'the Sun' and Moon er. 
plained in Art. 18. and 21.) multiplied into one 
another, there ariſes another Cycle of 532 Years, 
called the Victorian or Dionyſian Cycle, from Diony- 

K 3 frus 
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ſus it's Author; after the completing of which, 
not only the New Moons and Full Moons return to 
the ſame Day of the Month nearly; but likewiſe 
the Days of every Month return to the ſame Days 
of the Weck and conſequently the Dominical Lei- 
ters, and all the Moveable Feaſts, return in the ſame 
Order: Whence this Cycle is called tbe Great Paſ- 
chal Cycle. Now, becauſe the Chriſtian ra com- 
menced on the 457th Year of the Cycle; therefore 
to find the Year of the Drony/ran. Period for any 
Year of the Chriftian Rra, we have the following 
Rule, biz. To the current Year. of the Cbriſtian 
Arm, add 457, and divide the Sum by 53323; then 
che Quotient will ſhew how many Periods has paſt 
-fince the beginning of that in which the Chriſtian 
ra commenced, and the Remainder will ſhe the 
Year of the Diovan Period anfwering to the D 
Lear. 0 
Example. Required the Year vf the Diony/ien be. 
ria, for the Year of Cbriſt 1733. 
Firft, 1 add to 1733 the Number 437, and the 
Sum is 2190; then I divide this by 332, and the 
Quotient is 4, and Remainder 62 conſequently 
there has paſt 4 Diompſan Periods ſince the begin- 
ning of that in which the Chriſtian Ara commented; 
and the given Year is the 62d of the Current Cycle. 
34. Befides the Cycles of the Sun and Moon; 
there is another Cycle conſiſting of 13 Years; 
called the Cycle of udiction, which hath no Con- 
nection with the Celeſtial Motions, and which was 
made uſe of by the Romans for ſome Civil Pur- 
poſes, and is ſtill uſed by the Papes of Rome in 
their Bulls and Diplomas. The Year before the 
Birth of Chriſt was the third Year of this Cycle; 
and conſequently” to find the Year of {ndifion for 
any Year in the Chriſtian Aro, we have this Rule, 
viz," to the given Year add 3, and divide the we 
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by 15, then if there be no Remainder, the given 
Year is the fifteenth of the Adiion:'; but if there: 
be any Remainder that will ſhew what Lear of the 
Indiction the given Year is; and the Quotient will 
ſhew how many complete Cycles of © Indiftion has 
paſt ſince the firſt Year of that in which the Chri- 
ſtian ra commenced. 0. 
Example. Required the Year of Indiction, for the 
Year 1733 of the Chriſtian Era. 
| Firſt, I add 3 to the given Year, and the Sum 
is 17363 then I divide this Sum by 15, and the 
Quotient is 113, and Remainder 11. Conſequent- 
ly there has been 115 complete Cycles of Indifion 
the firſt Year of that in which the Chriftian 

Ara commenced, and the Year 1733, is the 11th 
Year of [ndifion. 2 4 
35. From the Multiplication of the three Cycles, 
viz. the Solar of 28 Years, the Lunar of 19, and 
that of  Indifion of 153 ariſes a Period of 7980 
Years, called the Great Fulian Period. This is 
ſuppoſed to have begun 764 Years before the Crea- 
tion of the World, and is not yet completed; con- 
ſequently it muſt comprehend all the Actions that 
has happened from the beginning of the World; 
and fince che Year before Chrift was the 4713th 
Year of this Period, therefore to find what Year 
of the Julian Period any current Year is, we muſt 
to the given Year of ' Chrift, add 4713, and the 
Sum will be the required Year of the Futian Period. 
Example. Required what'Year of the Julian Pe- 
riod anſwers to the current Year of Chriſt 1734. 
To the given Year 1734, I add 4713, and the 
Sum 6447, ſhews that the current Year: of Chriſt 
1734, is the 6447th Year of the Julian Period. 

36. As in the Heavens, there are certain Points 
from which Afronomers begin their Computations; 
ſo likewiſe there are certain Points of Time, from 
which, as Roots, W Computations begin 
f 4 5 an 
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and all memorable Actions are recorded by Hiſto- 
rians according to the Series of Years following 
theſe Roots, or fixed Points of Time, which are 
called Epocbas or Aras. The maſt celebrated and 
beſt known to us, is the Chriſtian ra, which 
commenced on the firſt of Fanuary, immediately 1 
following the Birth of Chriſt, 1 
37. The moſt antient Epocba, is s that of the 
Creation of the World ; which — 3950 
Tears before Chriſt. The next to this is that of 
the Deluge, which began 2956 Years before Chrift, 
Then follows the Epocha of the Oꝶmpiade, which 
was the moſt antient and famous Epacha among 
the Greets, and other Eaſtern Nations; each Olym-. 
ag; contained 4 Fears, and they had their Riſe 
from certain Games that were —— by the 
Creciaus every fourth Lear; in honour of Jupiter 
Ohmzius, which were called Olympic Games, The 
beginning of this Epocha, is ſuppoſed to have 
been on the 777th: Year before Cbriſt, and in the 
3936th Year of the Julian Period. The next Epo- 
cla, is that of the Building of Rome, which began 
about the End of the third Lear of the VIth Ohm- 
gab, 754 Years before Chriſt, and in the 3959th 
Tear af the Julian Period. Then follows the 
Era of Nabonaſſar Ting ef Babylon, from the be- 
ginning of whoſe Reign it commenced. This 
ra is famous among Atronomers, being made 
uſe of by Ptolemy, Albatignus, &c. as a proper 
Era ſor computing the Motions of the Celeſtial 
Bodies from. It began according to Ptolemy, on 
the fourth of the Nalend: of March, 747 Years 
before Chrif, in the 3966th : Year of the Julian 
Period, and in the ſeventh Year- after- the Build- 


ing of Rome, and in the ſecond Lear of | the 


VILlth Olympiad. The next is the Epocha of Alex 
ander the Great, which commenced at his Death; 
and this happened about the middle of the Spring. 


in the firſt. Year of the CXIVth - Olympiad, 324 
Years before Chriſt, in the 439oth Year. of the Ol 
lian Period, and in the 424 Year. of the ra of Na- 
bonaſſar. - There are ſeveral other Epochas.. beſides 
theſe already mentioned of leſs Note, which I ſhall 
paſs over, it not being the Deſign here to give a 
particular Deſcription of all the Epochas and their 
ſeveral Uſes, but only to give a general Account 
of the moſt remarkable among them. 1 
38. Since by the Rotation of the Earth about it's 
Axis, the Moon ap to move quite round from 
Eaſt to Weſt in 24 Hours; therefore in that Time 


the muſt paſs over all the Points in the Compaſs, 


and ſo muſt move from one Point to the next 
ſucceeding in 45 Minutes. Conſequently in moving 
from the Nortb Point to the South, ſhe. muſt take 
12 Hours, and from the North, to the N E, 
or from the South to the SVW 45 Minutes; alſo 
from the North to the NNE, or from the South 
to SSW, 1 Hour 30 Minutes; and fo on as in 
the following Table. | , 


* 


| Points, fb , m | Teer, 
| N TWY OE IE Far 
NSE [ „ 45 SEW / 
| NNE 1 „ 30 SSW 1 
N ESN 148 SW38 | 
NE - '3 „ % e? - | 
NEC E 3 „ 45 SW4W 
7 | ENE 4 »» 30 WSW 
EZ4N $ „ Is: WS 
. N 2 OO 4 | 1 
E 38 6 „ 45 WIN | 
ESE 7 „ o þ WNW.:..j: 
SEbE 8 „ 15 | NW&W- | 
SE 9 „ oo | NW 1 
|  $SE6$- - va » 81 N WIN 
88 E 10 „ 30 NNW 
85 11 „ 15 NAW 
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39. The Har and Reflux, or Ebbing and Flowing 
of the Seas, 'does conſtantly reſpect the Motion of 
the Moon, - undd in every Place when the Moon is on 
4 certain Point of the aſs, or at a certain 
Diftance from the Meridian, it is then High- Water 
at that Place; and ſince ſhe is twice at the fame 
Diſtance from the Meridian, or in two oppoſite 
Points of che Compaſs, in her diurnal Motion; 
therefore in moſt Places there is a double Ebbing 
and Flowing in a little more than 24 Hours. There 
has been found by © Obſervation, for the moſt re- 
markable Coaſts, the Points on which the Moon is 

When it is High- Water in each of com de as in na 
n n dd + 


4 Table of the moſt eee 805 Cache, in in an A 
- phabetical Order;  ſhewing in each of them, the 
Points of the Compaſs, te N my 12 = when 
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A. A Breſt}. before/ the Baſi, 


T Abarwark, ENE and | the River of Bordeaux within 

the Haven, NE & E, and 8 W 
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In the Breeſaund, Bloy, Bal- 
3 SE 58. a nere, E NE and WSW. 

NW bN. 3 Before Brlmen, at Blacknyy, 
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aud inthe Channel before Bour- 
dau, E and W. 

At Aer E S E, and 
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At Bri „ESS 
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At Army, NNE, se 
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before the Race of Blanguct, N 
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Fe EVRA at Belle 
He, NNE, and 88 W. 
Withbut "Blute, and at Ber. 
evick, NEIN, and SW 65S: 
At the River Bourdeaux, the 
ſouth of Bretaigns, the | At Calah, and in the Bay of 
Coaſt of Biſcay, and at Book#iJ7,” | nurn, EON and WS. 
NE and S W. 


12 7 | Without 
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- © Before the Haven of Caen, in 

- the Chamber, between Cripple- 
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hot, Sb E and h W. 
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Without Calais, at Corpus 
Chriſti Point, before and at 
Camftr; NNE and 88 W. 

Between Calais and . Dover, 
before Conguet, and at the N. 
Cape, NEandSW. . 

At the Caſeets, and at Cham- 


berneſi, S K US and NW IN. 


Between Guernſey and the 
Caſtets, before Cromer, before 
the Caſtets at Guern/ey, at Se- 


Ven — and at Catagſi, 8 E 


and NW 


In the Chamber of Rye, N32 


E and 8 5 W. 


Without the Caſters, in the 
Channel, SE E and NW. 


SW. 
At Concalo, E and W. 
In Condado, N and S. 


and in the Creek, 'ENE and 
WSW. 

ee of Caen; 
Calais Road, and Chamberne/; 
nenn 

kg 

At Dartmouth, E and W. * 

At Diep, Dover, and in the 
Downs, SSE and NNW. 

At Dover-Pizr, and before 
Dunkirk, N and 8. r 

At D and Downs, in 
the Road, NEN, and 8 W 


1 
At Dublin, SE b E, and 
N WB4W. 
oh L 
At Dunne ſe, 
S EBS. and NWZ N. 4 


At Dungerſan, E N E, and 
WSW. 


E. ; 
At Edam, NNE, and SSW. 
At Emden, before the Zive, 


before the Eyder, and before 
Enchuyſen, and 8. 
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W. 
At Cori, Calais, Cape Clear, 


0 and 8. 


| tran "RG and N W 


139 
Before the Eaftern and We- 


2066975 - | 
In the Fair Ile Roads, and 


at the North Foreland, Sb, 
and NW. 


At the Frith; and at the S. 


 Foreland, SSE, and NN W. 


Before the Fen, in the Chan- 


nel, NNE; and 88 W. 


At F b and Brad- 


| lington, NE, and S W. 


On the Coaſt of Flanders, N 
Wichont the Banks of Fan- 


Ir, NE, and 8 W. 


At Flaßbing, N E, and 8 


Without Fountney, NESN, 
and 8 W538. 


At the Forn, in Foy, at Fal- 


' mouth, E Y N, and W 8. 


Without the Fh, 8 BBE. 


and NW IW 


Before the. Coaſt of Pins 


land, and the Fh, BSE, and 
| "ws An he Falmouth, 


in the Channel, and at Foulne/e, 
ESS, WW N. 

At Frize, and the Fair e, 
NW, and SE. 

Tn the Road of Gibraltar, at 
Graveline, and before Cher- 
burgh, N and 8. 

Before Goree, at Guern/ey, 
and at Graveſend cr 

At Gmina, at Ga tau, and 
3 2 


Thwart af in the 


" Before Ar 62 at Hall 
at the Holms, and before Hum- 


ber's Mouth, E and W. | 
At Hampton Key, before the 
Hewver, before Horn, N and 8. 
At Harlem, Havre dt Grace, 
and Homebead, S E, and N W. 
erer N E, and 
SW. 
Ard, Helens, ae Harwich, aca: 
without the Banks of Harwich, 
SSE, andN NW. 
At Humber, E6N, and w 


38. 
Under Heh Wand, and at 
, NNE, andSSW. © 
Ar Hunte li f. Foot, NEE, 
and SW $8. 1 


* 1 ee 

In all the Havens on the 8. 

Coalts ef Leid, E 4 N, and 

W-4S. - 

| On the Weſt Coaft of He- 
laid, N E, and SW. 
3 Nana 8. 


SR FATE 
At Kelliers, N E, and SW. 
At Kentiſh Knock, N and 8. 
At Kilduyn, ES E, W 7 
NW. 
At Kildrive, r 
At e A W 
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At 2 8 E 5 E, and 
NW W 

At Leith, N and 8. / 

At Han, E FS, and WIN. 

At Liſbon, NES N. and 
8 W 3 8. 

At the Lizard, by the Land, 
ESE, and W NW. | 

At Leefloff, and thwart of 
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it without the Banks, SE 38. 
and N W bN. . 
In Leoftoff' Road, and Long- 


| ſand Head, & 8 E, and NN W. 


S/ Maler, E 3 N. and 


38. 


i” 


At London, N E, and SW. 
At Lande, E and W. 
"Thwart of Londey, and before 


| N and W 38. 


M. 
Within * Maes, at Malden, 


' NE, and 85 W. 


Before the Maes, and before 


8, Matthews Pein, N E 3 E, 


and S WISO W. 

In S Mag nes Sound, 4 8. 
the - Manes ae SES * 
and NWS W | 
% Ji f Man, 8 E, and 


"Befote Margate, 8 E, and 


NSW. 


In Milford, at Moontif / at 
S. 
Between Moufebole' and Fal- 


mouth, and in Milford Haven, 


ESE, and WNW. 
In Mouſeholt, at St Mas- 


| thews, and within Mounts 2 
| EN CC 


E, er 


K N. my 
Between h& Mil and Way. 
head of Lauer, 85 k. and N 
SW. 
Before the River of 1 
N E, and 8 W. 
At the Needles, at the Ile of 
Wight, SE BF, andNW&4W. 
At Newcaſtle, E N, and W 


© At-Newport;" half Tide, N 
and $ N 


At the Weſt End of the 
Nore, NS E, and 85 W. 

Before 87 Nicholas, E 38. 
Kan W 6 N. | 
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All the Coaſt of Normandy, 
and Picardy, $$ E, and NNW. 


ess and 
NW IN 
e. Orfordneſe, without the 
Banks, and between Orford and 
Orawel/-Waves, 88 E, and N 
N W. 

At Orfardneſs,: within the 
Sands, 8 & E, and N&W. 

At Orkneſi, N E, and 8 W. 

At Orkney, S E, and N W. 


W lo AB.) + 0 
At &, Paul's in the Haven, 
E and W. 

At the Pens, Porthus, and 
Poiftu, N E, and SW. 

In Phmouth, and before Sz 
Paul's, EI N, and W538. 

Thwart of Phmouth, ESE, 
and W NW. 

Before Podeſſemek, E 6 S, and 
WIN. 

At the Race of Portland, 
SE, and N W. 

At Port/mouth, half Tide, N 
and 8. 


At AN N and 8. 


N 8. | 
In the Sieve, between U/am 
and Scilly, at the Shooe, at the 
Spice, at Southampton, and all 
ng the Sævin, N and 8. 
Upon the Coaſt of Spain, 


and in in Shetland, NE, and SW.” 


At Scilly, in the Sound, Scar- 
borough, and at Staples, NEE, 
and SWS W. 

At Seven Iles, without the 
Haven, in the Broad Sound, 
EN E, and WS W. 

At the Mouth of Scvern, be- 


tween Scilly and the Lizard, 


at the Spurr and Stockion, E. 


 6N,and WhS. 


Without Scilhy,-in the Chan- 
nel, and Sakomb, E and W. 
At Sedmouth, and at the Start, 


E58, and W4 N. 


Off the Start in the Chan- 


nel, E S E and WN W. 


Wichin the Seyn, and before 


Shelbergh, and at © Sonu Clts, 


SE, and N W. 
At Shoram, 8 E38, and 
NWZN. 


At Sn Head; 8 8 E, and 


NNW 
| * 

Within Terwere, NI E, and 
SSW. 


Before Terwere, before the 


River of Thames, and at Tin- 
mouth, NNE,andSSW. 


Before the Tres, and Tin- 
mouth, before the Bay of Tin. 


mouth, N E, and 8 W. 


At the Cliſts of the Texel, 
E NE, WS W. 

In 'Torbay, and before the 
Texel, E and W. 

In the Road of the Texel, E 
SE, and WNW... 

At Tron, SE FS, and N 
WIN. 


DE. ** 
Before Let, N and 8. 
At De, N E, and 8 W. 
Between Uſant, and the 
Main, N EE, and 8 WSW. 
St Falling, 8 SE, and NN 


W. 

At Winchelſa, NB E, and 
SSW. 

At the Wreilings, and from 
the Weſt End of the Wight, 
NNE, and 8 8 W. 
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n We Eliments of Chronology. 
- Before the Weilings, NE s |; 
N, and 8 W 38S. f 
At Whithy, NE, and 8 W. 
In the Sea of Vals, and Se- 
urn, EN E, and WS W. 
8 is 7 | : | 
At , at Weymout At Toughall, ENE, and 
at Waterford, E and W. | WSW. | 
At Womouth Key, E 65S, and At Yarmouth, SE bE, and 
WSN. NW&4W. 
At the Neſs, by  Wieringhen, In Yarmouth Road, in Yar- 
at Winterten, ESE, and W mouth Haven, SSE, and N 
NW. | NW. | 
- Thwart the . of Wight, in * 
the Channel, all within the % Z. bf. 
e On the Coaſt of Zealand, 
t, and Beachy, by the | NNE, and 88 W. 
Shore, 8 ESE, and N WSW. In the Ziereck Sea, N E, and 
At the Eaſt End of Wight, | SW. 


40. By knowing the Point of the Compaſs, the 
Mean is on When it is High-Water at any Place, we 
know by Art. 38. the Time ſhe takes to move from 
the Meridian to that Point; and ſince we can find 
by Art. 29. the Time of the Moon's coming on the 
Meridian any Day; therefore to find the Time of 
high Water at any Place, and on any Day, we 
have this Rule, viz. To the Hours and Minutes 
of the Man's Southing (found by Art. 29.) add the 
Hours and Minutes anſwering to the Point of Flow- 
ing (found from the Table of Ari. 38.) the Sum is 
the Time of full Sea required; counting from Noon 
or Midnight. | | | 
-: Example. Required the Time of High- Water at 
Briſtol- Rey, on the tenth of May 1731. 

Fit, By Art. 29. I find the Moon comes on the 
Meridian that Day, 48 Minutes paſt 12 at Night, 
then becauſe by the Table in the laſt Article, the 
Moon maſt be on the E 8, or WIN Point of 
the Compaſs before it be High-Water at Brifol ; and 
ſince by the Table at Art. 38. ſhe takes 6 Hours, 


T2 
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£5 Minutes in moving from the Meridian to. either 
4? theſe Points; . therefore to the 48 Minutes be- 
3 I add 6 Hours, 45 Minutes, and the 
Sum is 7 Hours, 33 Minutes in the Morning, the 
Time of full Sea at Briſtol, for the Day propolcd, 
which d * when F 


— 
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8 E C T. VI. - 
Concerning the Log-Line, and Compaſs. 


HE Method commonly made uſe. of for 

meaſuring the Ship's Way at Sea, or how 
far ſhe runs in a given ſpace of Time, is by. che 
L- Line, and Half- Minute Glaſs. 

2. The Log is a flat piece of Wood, in ſhape 
like a Flounder,” having a piece of Lead 1 to 
it's Bottom, which makes it ſtand or ſwim up- 
right in the Water; to this Log is tied or faſtened a 
long Line, which is called the Lag-Line; and this 
is commonly divided into certain Spaces, each of 
which is, or ought to be, ſuch a proportional Part 
of a nautical Mile (60 of which make a Degree of 

a great Circle on the Earth) as half a Minute (the 
Time allowed for the Experiment) is of an Hour. 
3. Theſe Spaces are called Knots, becauſe at the 
End of each of them, there is a piece of Twine 
with Knots in it, inreeved between the Strands of 
the Line, which ſhews how many. of theſe Spaces or 

Knots, are run out during the half Minute, They 
commonly - commence or begin to be counted, at 
the diſtance of about 10 Fathom, or 60 Feet from 
the Log; that ſo the Log, when it is hove over 
Board, may be out of the Eddy of the * 
«4 | ore 


* 
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before they begin to count, and for the more ready 
Diſcovery of this Point of Commencement, there is 
commonly faſtened at it a piece of red Rag. | 

4: The Log being thus prepared; and hove over 
Board from the Poop, and the Line veeted but (by 
the help of à Reel, that turns eaſily, and about 
which it is wound) as faſt as the Log will carry 
it nf, or rather as the Ship ſails from it, will 

to the Time of veering, how far 
the Ship has run in a given Time; and conſequent- 
ly her Rate of ſailing. 

5. A Degree' of a Adds, "which is a great 
Circle on the Earth, according to the exacteſt 
Meaſures, contains about 69.545 Enpliſh Miles; 
and each Mile, by the Statute being .5280 Feet, 
therefore a Degree of a Meridian will -be about 
3672060 Feet; whence the # of that, viz. a Mi- 
nute, or Nautical Mile, muſt contain 6120 ſtandard 
Feet; conſequently fince + Minute is the 2 Parr 
oF an Hour, and each Knot being the ſame Part 
of a Nautical Mile (by Art. 2.) it follows, that 
_ Knot will contain the 555 Part of 6120 Feet; 

51 Feet. 

2%. Hence it is evident, * whatever number of 
Knots the Ship runs in half a Minute, the fame 
number of Miles ſhe will run in one Hour; ſup- 
poſing her to run with the ſame Degree of Velo- 
city during that Time; and therefore it is the ge- 
neral Way to heave the Log every Hour, to know 
her Rate of failing; but if the Force or Di- 
rection of the Wind vary, and not continue the 
fame daring the whole Hour, or if there has beeri 
more Sail ſet, or any Sail handed, that ſo the 
Ship has run ſwifter or ſlower in any Part of the 
Hour, than ſhe did at the Time of heaving the Log ; 
then there muſt be an Allowance made accordingly 
for it, and this muſt be mecoranny 6 to ws Dilcres 


tion of the Artiſt, 


7. Sons: 
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- », Sometimes when the Ship is before the Wind, 
and there. is a great Sea ſetting after her, it will 
bring home the Log, and conſequently the Ship 
will ſail faſter than is given by the Log, In this 
| Caſe it is uſual, if there be a very great Sea, to 
allow one Mile in ten, and leſs in Proportion, if 
the Sea be not ſo great. But for the generality, 
the Ship's Way is really greater than that given 
by the Log; and therefore, in order to have the 
Reckoning rather before than behind the Ship, 
(hich is the ſafeft Way) it will be proper to make 
the Space on the Log- Line between Knot and Knot, 
to conſiſt of 30 Feet inſtead of 31. Some, upon 
the Suppoſition that 60 Miles make a Degree on 
the Meridian, make the Diſtance between Nut and 
Knot 42 Feet; when at the ſame time, by common 
Experience, they are obliged to leſſen the Half 
Minute- Glaſ by near 6 Seconds, making it to run 
only 24 Minutes nearly; which plainly is eorrect- 
ing one miſtake by another. 1.8 
8. If the Space between Knd! and Knot on the 
Loag-Line ſhould happen to be too great in Pro- 
portion to the Half- Minute- Glaſs, viz. greater than 
50 Feet; then the Diſtance given by the Log, will 
be too ſhort, and if that Space be too ſmall, then 
the Diſtance run (given by the Log) will be too 
great, therefore to find the true Diſtance run in 
either Caſe, having meaſured the Diſtance between 
Not and Knot, we have the following Proportion, 
VIZ, "Ft 4 | | 
As the true Diſtance go Feet, is to the meaſured 
"Diſtance, ſo is the Miles of Diſtance given by the 
L, to the true Diſtance in Miles that the Ship has 
run. | | 
Example 1. Suppoſe a Ship runs at the Rate of 
61 Knots in half a Minute, but meaſuring the Space 
between Knot and Knot, I find it to be 56 Feet 
Required the true * in Miles. 


- 


Making 


— 


require leſs time to run than go Seconds, it will 
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Making it as 50 Feet, is to 56 Feet, ſo is (6.25 
Note to 7 — IL find that the true Rate of ifail- 
ing is 7 Miles in the Hour. sl 

Example 2. — ucehe:Rinte tf 6; 
Knits” in half a Minute, but meaſuring the Space 
detween Knot and Knot, IL. find ir-to_be-only 44 
Feet: Required the true Nate of failing. 
Making it as 30 Fer, is to 44 Feet; fo is 6:5 


Dios, to 5.72 "Knots ; I find that the true Rate of 


bling! is 5.72 Miles in the Hou. 

9. Again, ſuppoſing the Diſtance eee Kino? 
and Knot on the Lag to be exactly go Feet, 
but that the Glaſũ is not 30 Seconds; then if the 
'Glaſs require longer time to run than 30 Seconds, 


the Piſtance given will be too great, if eſtimated 


dy allowing 1 Mile for every: Kzot-run, in the time 
the Glaſs runs; and, on the contrary, if the Cab, 


give the Diſtance failed: too ſmall. Conſequently 


to find the true Diſtance in eicher Cafe, we mult 


meaſure the time the Claſ requires to run out (by 
the Method in the follow ing Article) then ee 
che following Proportion, vi. 

Ans the number of Seconds the Glaſs runs, is 20 
half a Minute, or 30 Seconds, ſo is the Diſtance 
given by the Log, to the true Diſtance. - 

Example't. Suppoſe a Ship runs at the Rate of 
71 Knots in the Time the Glaſs runs, but mea- 
ſuring the Glaſs, I find it runs 34 Seconds: — 
quired the true Diſtance ſail'd. 

wa it as 34 Seconds, is to 30 Seconds, fo 

is 7.5, to 6.6; I find that the Ship ſails at the 


| "Rate of 6.6 Miles an Hour. 


Example 2. Suppole a Ship runs at the Rate of 
6 Mats, but meaſuring the Glaſs, Ir find it runs 
— 11 Seconds: Required the true Rare of fail 
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© "Making it as 25 Seconds, is to 30 Seconds, ſo is 
6.5 Knots, to 7.8 Knots ; I find that the true Rate 
of failing is 7:8 Miles an Hour. 
10. In order to know how many Seconds the 
-Glaſs runs, you may try it by a Watch or Clock, 
that vibrates Seconds; but if neither of theſe be 
at hand, rer ee thecallend 
faſtening a Plummet, hang the other upon a Nail 
or Peg, ſo as the Diſtance from the Peg to the 


Center of the Plummet be 394 Inches: then this 


Put into Motion will vibrate Seconds, i. e. every 
time 1t paſſes the Perpendicular you are to count 
one Second; conſequently by obſerving the num- 
ber of Vibrations that it makes during the time the 
Glaſs is running, we know how many Seconds the 
Glaſs runs. 

11. If there be an Error both in the Log-Line 
'and Half- Minute-Glaſs, viz. if the Diſtance, between 
: Knot and Knot on the Log-Line, be either greater 
or leſs than 50 Feet, and the Gi runs either 
more or leſs than 30 Seconds, then the finding of 


the Ship's true Diſtance will be ſomewhat more 


nnen, and admit of three Caſes, viz. . 
Caſe 1. If the Glaſs runs more than 30 Seconds, 
and the Diſtance between Knot and Knot be leſs 
than 5o Feet, then the Diſtance given by the Log- 
Line, viz. by allowing x Mile for each Knot the 
Ship fails while the Glaſs is running, will always be 
greater than the true Diſtance ;* ſince either of 
theſe Errors give the Diſtance too great. Conſe- 
quently to find the true Rate of failing, in this Caſe, 
we muſt firſt find (by Art. 8.) the Diſtance, on the 
Suppoſition that the Log-Lrne is only wrong, and 
then with this (by Art. 9.) we ſhall find the true 


Diſtance. 
20.1 Su opoſe a Ship-i is found to run at the 
Rate of 6 Knots ;, but examining the Glaſs, I find 


it runs 35 Seconds, and meaſuring the Log-Line, 1 
4 LY find 


, 
4 
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** 


find the Diſtance between Knot and Knot to be but 
4 Feet: Required the true Diſtance run. 13 

Firſt, By Art. 8. we have the following Propor- 
tion, viz. As 50 Feet : 46 Feet: : 6 Knots :5. 52 
. Knots. Then by Art. 9. As 35 Seconds: 30 Se- 
conds : : 5.52 Knots : 4.73 Knots. Conſequentiy the 
true Rate of ſailing is 4.73. Miles an Hour. 

Caſe 2. If the Glaſs be leſs than 30 Seconds, and 
the Space between Knot and Knot be more than 530 
Feet; then the Diſtance given by the Log, will al- 
ways be leſs than the true | Diſtance, ſince eicher 
of theſe Errors leſſen the true Diſtancce. 

Example. Suppoſe a Ship is found to run at "the 
Rate of 7 Knots, but examining; the Glaſs, I find it 
runs only 25 Seconds, and meaſuring the Space 
between Kzot and Knot on the Log-Line, I find it 
is 54 Feet: + pac the true Rate of ſailing. 


Fit, By Ari. 9. As 25, Seconds: 30 Seconds : 


7 Knots : 8.4 Knots, Then by Art. 8. As 50 2 


54 Feet : : 8.4 Knots : 9.0% Knots, Conſequently 


the true Rate of failing is 9.072 Miles an Hour. 
Caſe 3. If the Glaſs runs more than 30 Seconds, 
and — Space between Nuot and Knot be 


than go Feet, or if the G/aſs runs leſs than 30 Se- 
conds, and the Space between Knot and Knot be 
-leſs than 30 Feet; then ſince in either of theſe two 
- Caſes the Effects of the: Errors are contrary, *tis 
plain the Diſtance will ſometimes: be too great, and 
ſometimes too little, according as the greater Quan- 


tity of the Error lies; as will be evident from * 
following Examples. 


Example 1. Suppoſe a Ship is found to run at 


the Rate of 91 Knots:per Glaſs, but examining the 
«Glaſs, it is — to run 36 Seconds, and by mea- 


ſuring the Space between Knot and Knet, it is 


found to be 58 Feet: Required the true Rate of 
Guling, | | 


at oy Pub 
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. Firſt, By Art. 8. As 30 Feet + 58 Feet: : 9.8 


Knots : 11:02 Knots. Then by Art. g. As 38 Se- 
conds*: 30 Seconds : : 11.02 Knots: 8.7 Knots. Con- 


ſequently the Ship's true Rate of failing is 8.7 Miles 


an Hour. 

Example 2. Suppoſe a Ship runs at the Rate of 
6 Knots per Glaſs ; but examining the Glaſs, it is 
found to run only 20 Seconds, and by meaſuring the 
Log-Line, the Diſtance between Knot and Knot is 
found to be but 38 Feet : Required the true Rate 
of ſailing. 


«Firſt, By Art. 8. As 50 Feet: 38 Het :: 6 
Knots : 4.56 Knots. Then by Art. 9. As 20 Se- 


conds: 30 Seconds : : 4.56 Knots : 6.84 Knots,” Con- 
—_ the true Rate of ſailing is 6.84 Miles an 
our. 

But if in this Caſe it happen, that the time the 
Glaſs takes to run, be to the Diſtance between NMuot 
and Knot, as 30, the Seconds in half a Minute, is 
to 0, the true Diſtance between Knot: and Knot z 
then *tis plain, that whatever number of Seconds 
the Glaſs conſiſts of, and whatever number of Feet 
is contained between Knot and Knot ; yet the Di- 


| Rance given by the Log-Line, will be the true Di- 


ſtance in Miles. | 

12. Though the Method of meaſuring the Ship's 
Way by the Log-Line, deſcribed in the foregoing 
Articles, be that which is now commonly made 
uſe of; yet it is ſubject to ſeveral Errors, and theſe 
pretty conſiderable. For firſt, the Half-Minue 
or Quarter-Minute-Glaſſes (by which, and the Log, 
the Ship's Way is determined) are ſeldom or never 
true, becauſe dry and wet Weather have a great 
Influence on them; ſo that at one Time they may 
run more, and at another Time fewer than 30 
Seconds, and tis evident that a ſmall Error in the 
. Glaſs, will cauſe. a ſenſible one in the Ship's Way. 
Again, the chief of the Log is to have 
ASL 3 1 
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it ſwim upright, or perpendicular to the Horizon; 
but this is too often wanting in Logs, becauſe few 
Seamen examine whether it is ſo or not, and gene- 
rally take it upon truſt, being ſatisfied, if it weigh 
a little more at the Stern than the Head; and from 
this there flows an Error in the Reckoning, for if 
the Log does not ſwim upright, it will not hold 
Water, nor remain ſteady in the Place where it 
is heaved, ſince the leaſt check of the Hand, in 
veering the Line will make it come up ſeveral 
Feet; this repeated will make the Errors become 
Falboms, and perhaps Knots, which how inſignifi- 
cant foever they appear, are Miles and Parts of 
Miles, and amount to a good deal in a long Voyage. 
Another inconvenience attending the Lag-Line is 
it's ſtretching and ſhrinking; for when a new Line 
is firſt uſed, let ĩt be ever ſo well ſtretched upon 
the Deck, and meaſured as true as poſſible, yet 
alter wetting it ſhrinks conſiderably; and conſe- 
quently to be the better aſſured of the Ship'is Way 
by the Log-Line, we ought to meaſure and alter 
the Miots on it every time before we uſe it; but 
this is ſeldom: done oftner than once a Week, and 
ſometimes not above once or twice in a whole 
Voyage; alſo when the Line is meafured to it's 
greateſt Degree of ſhrinking, it is generally left 
there; and when by much Uſe,. it comes to ſtretch 
again, it is ſeldom or never mended, tho it will 
fretch beyond what it firft ſhrunk; | Theſe and 
many, other Errors, too well known, attending 
that Method of meaſuring the Ship's Way 2 the 
Eog-Line, plainly anſwers for a great many Errors 
committed in Reckonings. So *tis to be wiſhed that 
either this Method were improved or amended, or 
that ſome other Method leſs ſubject to Error, were 
found out. There was a Machine ſome time ago 
invented by Mr Henry de Saumatrez, of the Iſland of 
Guernſey, tor mealuring the Ship's Way, called the 
I . Marine 
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Marine Surveyor: which is indeed leſs. ſubje& to 
Error than the Log- Line; and. was found by ſeveral 
iments to anſwer the end much. more exactly 
than the Log- Lins; a Deſcription of which may be 
ſeen in the Philoſophical: Tranſactians of the Royal 
Society, Vol. xxxiii. for the Months of November 
and December 17253 and alſo. in thoſe for the 
Months of March and April 1726; and for March 
and April 1729. 
13. It was ſaid at Art. 2 T. Secf. III. that the Me- 
ridian and prime Vertical of any Place cuts the 
Horizon in 4 Points, at 90 Degrees diſtance from 
one another, viz. the North, South, Zaſt, and Weſt 3 
that part of the Meridian which extends itſelf from 
the Place to the North Point of the Horizon, is cal- 
led the North Line; that which tends to the South. - 
Point of the. Hurizon, is called the South Line; and 
that part of the Prime Vertical which, extends to- 
wards the right Hand of the Obſerver, when his Face 
is turned to the Nor#h, is called the Eaſt Lins; and 
laſtly, that part of the Prime Vertical which rends 
towards the left Hand, is called the We Line; the 
four Points in which theſe Lines. meet the Harlan, 
are called the Cardinal Points. 
14. In order to determine the "Courſe of che 
Winds, and to diſcover their various Alterations or 
Shiftings ; ; each Quadrant of the Horizon intercepted. 
between the pt wy! and Prime Vertical, 1s ulually - 
divided into t equal Parts, and conſequentiy 
the whole Har Ton into thirty-two; and the Lines 
drawn from the Place on Which the Obſerver 
ſtandeth, to the Points of Diviſion in his Horizon, _ 
are called Rumb-Lines, the four rincipal of Which 
are thoſe. deſcribed. in the preceding Article, each 
of them having it's Name from the Cardinal, 
in the Horizon. towards which it tends ;, the reſt 
the Ramb Lines have their Names compounded 
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th. pete pal Lines on each fide of them, as in 
the following Figure; and over which - ſoever of 
theſe Lines the Courſe of the Wind is directed, 
that Wind takes it's Name accordingly. 

15. The Inſtrument commonly uſed at Sea for 
directing the Ship's Ways, is called the Mariners 
Conipaſs ; which conſiſts of a Card and two Boxes. 
The Card is a Circle made to repreſent the Horizon, 
whoſe Circumference is quartered and divided in- 
to Degrees, and alſo into thirty-two equal Parts, 
by Lines drawn from the Center to the ſeveral 


Points of Diviſion, called Points of the Compaſs. On 


the back fide of the Card, and got: below-the South 
and North Line, is fixed a Steel Needle, with a Braſs 


_ Cupoia, or hollow Center in the middle, which is 


placed upon the end of a fine Pin, upon which the 


- Card may eaſily turn about; the Needle is touched 
with a Load- Stone, by which a certain Virtue is in- 
fuſed into it, that malkes it (and conſequently the 
FCouth and North Line on the Card, — it) hang 
nearly in the Plain of the Meridian, by which means 
the South and North Lines on the Card produced, 
would meet the Horizon in the South and North 


Points; and conſequontiy all the other Lines on 


che Curd produced would meet _ Horizon | in their 
reſpective Points. 


16. The Card is hre in the — 


Scheme, in which you may obſerve, that the ca- 
pPital Letters N, 8, E, W, denote the four Cardinal 
Points, viz. N the Nerth, S the. South, Sc. and 


the ſmall Letter > ſignifies the Word by : the Rumbs 
in the middle between any two of the Cardinals, 


are expreſſed hy the Letters denoting theſe Car- 
'  dindls,” that which denotes the Point lying in the 
Meridian having the Precedence; thus the Rumb 
0 M the middle between the North and Eaſt: is ex- 
Pee NE, which is to be read North 215 
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alſo 8 W denotes the South Vt Rumb, Ec. the 
other Rumbs are expreſifd dec TR 
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Situation with reſpect to theſe middle Rumbs, g 
the neareſt Cardinals, as is plain from the annexed 
Scheme. 5 1 
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17 Phe Cur# is put into à round Bor, made for 
it, k 4 Pin 55 in tlie Middle, upon which 
the hollow Center of the Needle is fixed, ſo as the 
Card may lie Horizontal, and eafily vibrate accord- 
ing to the Motion of the Needle ; the Box is covered 
over with a ſmooth Glaſs, and is fang in a Braſs 
Hoop upon two cylindrical Pins, diametrically op- 

ſite to one another, and this Hoop is hung with- 
in another Braſs Circle, upon two Pins at right 
Angles with the former. Theſe two Circles, and 
the Box, are placed in another ſquare wooden Box, 
ſo that the innermoſt Box, and conſequently the 
Card, may keep Horizontal which way ſoever the 
Ship heels. 

18.” Since the Meridians do al meet at-the Poles, 
and there form certain Angles with one another; 
and fince if we move never ſo little towards the 
Eaſt or Nit, from one Place to another, we there- 
by change our Meridian, and in every place the 
Faſt and Weſt Line being perpendicular to the 
Meridian; it follows, that the Eaſt and Weſt Line 


in the firſt Place, will not coincide with the Eaſt 


and I Line in the ſecond, but be inclined to it, 
at a certain Angle: And conſequently all the other 
Rumb Lines at each Place, will be inclined to each 


other, they always forming the ſame Angles with 
the Meridian. Hence it follows that all Rumdbs, 


except the four Cardinals, muſt be Curves or Heliſ- 


Pberical Lines, always tending towards the Pole, 


and approaching it by infinite Gyrations or Turn- 

ings, but never falling into it. Thus let P be the 
Po 2 an Arch of the Equator, PE, PA, 
1% pr a TS GHKL any Rumb; 

2 Eee. ug VIVA SEO 0 are by _- 

the Nature uf Arts: gg that 19 
face 1 FR 
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falling into it; for if it were poſſible for it to fall in- 
co the Pole; then it would follow, that the ſame Line 


could cut an infinite Number of other Lines at 
equal Angles, in the ſame Point; which is abſurd. 

19. Becauſe there are 32 Rumbs (or Points in 
the Compaſs) equally diſtant from one another, 
therefore the Angle contained between any two of 
them adjacent, will be 11%, 15!, viz. 3 Part of 
3609; and fo the Angle contained between the 
Meridian and the NS E, will be 11, 15, and 
between the Meridian and the NNE, will by 22% 
30!, and fo of the reft, as in the following Table. 
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SECT. © dp oa 
Of PLAIN SAILING 


HIS Method of Sailing, ſuppoſes the 
Earth to be a Plain, and the Meridians 
parallel to one another; and likewiſe the Parallels 
of Latitude at equal Diſtance from one another, 
as they really are upon the Globe. Tho? this Me- 
thod be in itſelf evidently falſe; yet in a ſhort 
Run, and eſpecially near: the Equator, an Account 
hed the Ship's Way, may be kept by it tolerably 
W 
2. The Angle formed by the Meridian and 
Rumb, that · a Ship fails upon, is called the Ship's 
Courſe. Thus if a Ship fails on the NNE Rumb, 
then her Courſe will be 229, 3o!, and ſo of others. 
3. The Diſtance between two Places lying on the 
fame Parallel counted in Miles of the Equator, or 
the Diſtance of one Place, from the Meridian of an- 
other, counted as above, on the Parallel paſſing 
over that Place, is called Meridional Diſtance; which 
in Plain Sailing, goes under the Name of Departure. 
4. Let A denote a certain Point on the Earth's 
Fs. my AC it's Meridian, and AD the Parallel 
of Latitude paſſing thro? it; and ſuppoſe a Ship to 
fail from A on the NNE Rumb, till ſhe arrive 
at B; and thro' B draw the Meridian B D (which 
according to the Principles of Plain Sailing, muſt 
be parallel to CA) and the parallel of Latitude 
BC, then the Length of AB, viz; how far the 
Ship has failed upon the NNE Rumb, is called 
her Diſtance; AC ot BD will be her Difference of 
Latitude, or Northing, CB will be her Departure, 
or Eaſting and the Angle C A B will be the Courſe. 


Hence 


x * 


* 


— 
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Hence it is plain, that the Diſtance failed, will al- 
_— be greater than either the Difference of Lats- 
„ or Departure, it being the Hypothenuſe of a 


or bir ets Fg -wheredf the other two are 
the Legs; exxrpe the Ship Tails 1 o a Meridian 
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or a parallel of Latitude; for if the Ship ſails on a 
Meridian, then it is plain, that her Diſtance will be 
juſt equal to her Difference of Latitude, and ſhe will 
— no Departure; but if ſhe ſail on a Parallel, 
then her Diſtance will be the ſame with her Depar- 
4 "ture, and ' ſhe will have no Difference of Latitude. 
is It is evident alſo from the Scheme, that if the 
g "Courſe be leſs than 4 Points, or 45 Degrees, its 
"Compliment, viz. the other Oblique Angle, will be 
greater than 45 Degrees, and ſo the Difference of 
- Latitude will be greater than the Departure ; but it 
the Comrſe be greater than 4 Points, then the Diffe- 
"rence of Latitade will be leſs than the Departure; 
and laſtly, if the Courſe be juſt 4 Points, the Diffe- 
rence , Latitude will be cl to the Departure. 
F. Since the Diſtance, Difference of Latitude, 
and Departure; form a right. angled- Triangle, in 
6 * Which 
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Which the Qbligue Angle oppoſmte to the Departure 

is the Courſe, Ly the other it's: Compliment ;.there- 

having any two of theſe given, we can (by 

$42: II.) find the -relt 5 and hence aa the Caſe 
1 Plain Stilipge Which ure follows. 
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10 "nt 3 luda bf 308, 
26! North, N NE, 32 Miles. Required the Diffe- 


rence. of. Latitude and Peres, and the Latitude 


The pe Conſtrug 


jon of this Gale is 
the ſane as in Laſe 3 3 A "8 


Fangled-Trigonometry, 


the ſame Things WY given in both; and * 
it we have the following Analogy, for finding the 
Departure, VIZ, 
" As Radius» — — — — 100 ͤ 
to the Diſtance AC — 32 — — — 180515 
l . 0 


nah 


— = \ 
＋ «4252 435n 


— > 


- -_— - —— 
- * - — 


— w - jj —— 1 —— — ooo 
* * _ - \ C3 1 * 


— —— 
o * — * * 


E . DD ITS =_ 


s * 1 % 1 


* 
"4 
= 

" 

7 
.4 
4% 
4 
f : 
9 
+1 
. 
1 
I 
1 
1 
. 
4 
7 
= 
| 4 | 
* 
1 
'1 
[ 
f 
| 
| 
4 
4 
14 
= 
"4 
14 
9 
A 
i 
TY 
= 
+ 


jt 
4 
4 


1 ah 
= =" 


- © » % i F< 


-— 


North, fails NE 4N 4 Eafterly, till de come c 


160 Plain Sailing. 

i che Sine of the Courſe A 22, 30! 9.88287 
to the Departure Bc — — 12.25 — 1.08799 
o the Ship has made 12.29 Miles of Departure 
Eaſterly, or has got ſo far to the Eaſtward of her 
Meridian. Then for the Difference of Latitude, or 
Northing, the Ship has made, we have, by Caſe 2. 
of Rectangular T 9 the * Analogy, 
VIZ, | | ee. 

; : 6 J 
As Radius we — — — 10.0000 
is to the Diſtance Ac 32 — — 1.50515 
ſo is the Co-Sine of Courſe A 229, 30! - 9.96562 
to the Difference of Lat. AB 29.57 - - - - 1.49077 


ſo the Ship has differ'd her —_— a. of 
ne 29.57 Minutes. 


And fince her former Tae ws Kit: and 
her Difference of Latitude alſo North. Therefore, 


4 o the Latitude failed from. 4 30 2 Pl N. 
- add the Difference of Latitude 0, 29.37 


and the Sum is the Lat. come to 30, 54.57 N 


By this Caſe is Se the Table of Difference 
of — and Departure, to every Degree, 
Point, and quarter Point of the Compaſs; for the 
Diſtance from 1 to 100 Miles, at the End of this 
Section; the Uſe of which ſhall be there explained, 


CASE * 


Conſe and Difference of Latitude os. to 1 
Nye and Departure. 225 


5 8 Example. 7 7 
Suppoſe a Ship in the Lackude of '459, 257 


the 
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the Latitude of 46%, 55! North. Required the 


Diſtance and * made "ou ug Sar 
Courſe. _ 


Since both Latitudes are Northerly, and. "th 
Courſe alſo . T herefore, — e 


From the Latitude come to 2469; * 
ſubtract the Latitude ſailed e — 455 25 


and there remains - - - 01 30 
the Difference of Latitude, equal to 90 Miles. 


© The Geometrical Conſtruction of this Caſe, is 
the ſame with that of Caſe 1. of Reftangular Trige= 


Dig. Latt* N.99 


— 


nometry, and by it we have the following Fr: "i 
for finding the Departure BD, viz. 


As Radius — — — — — — 10.00000 
is to the Diff, of Latitude AB — 90 — 1.95424 
ſo is the Tangent of Courſe A — 3 , 221 9.91404 
to the Departure BD — — — 73.84 1.86828 
{ the Ship has got 73.84 Miles to the © Eaſtward of 
her former Meridian, 
M Again, 


| . . Rain ug 


a tg for the Diſtance AD, we 7 by Caſe * 
of Refangular Trigonometry, the following Propor- 
tion, vir. 


| = bags = 2 — 10. O00 
is to the Secant of the Courſe 39, 22 1011176 
fo is the Diff. of Latitude AB 90 1.96424 


* — — — Ab — 2.06600 
— . 8 A 1 4 2 | 


27 „ r * Latitude and Net . to 15 


Example 5 


Suppoſe a Ship fails from the Latitude of 56, 
30 North, on a Rumb between South and Welt, 
126 Miles, and ſhe is then found by Obſervation 
to be in the Latitude of 55%, 40! North. Required 
the Courſe ſhe failed. 15 ny her Departure om 
the Meridian, 


Since the Latitudes are "bark North; and the Ship 
failing towards the Equator. Therefore, | 


From the Latitude failed from — 569, zo! 
ſubtract the obſerved Latitude — — 5. , 40 


bund the Remainder — — — — gt ,"0 
— to 70 Miles, is the Difference of Latitude. 


= 25 
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This Caſe is conſtructed the fame Way as Caſe g. 
of Rettangular Trigonometry, and by it we have the 


1 
- 


e 


70 1 25 
8985 Propaton for; Rach che Ang 5 6 of ih | 
e 'S OM g 


As the Diſtance ale DF. 126 - + N 
| is to Radius — — — \ 10.0000 

ſo is the Diff. of Latitude FE 50 — 1.84510 

to the Co- Sine of the Courſe F 569, 15! 9.74473 
which, becauſe ſhe fails between South and Weſt, 
will be South. 36, 15! Weſt or SWW. Then 
for the Departure, we have by Caſe 3. of Refangu- 
lar 7. rigonometry, the O's A VIZ. 


As Radius = = "4 2.00066 
is to the Diſtance failed DF - 126 — 2.10037 
ſo is the Sine of the Courſe F - 56®, 15! 9.91985 
to the Departure DE — — 104.8 — 2.02022 | 
conſequently ſhe has made 104.8 Miles of, Depar- 
ture Weſterly. | 


T a %. 
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CASE 4 


0 - Difference of Latitude and Departure given 1 fud 
Courſe and Diſtance. | 
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Example. 


Suppoſe a Ship fails from. the Laticade of 445 - 
50! North, between South and Eaſt, till ſhe has 
made 64 Miles of Eaſting, and is then found by 
Obſervation to be in the Latitude of 429, 56! North. 
Required the Courſe and Diſtance made good. 


Since the Latitudes are both North, and the Ship 
failing towards the Equator. Therefore, 


From the Latitude failed from — 4%, col N 
take the Latitude come to a, 


N and there Remains —— — 91 , 54, 
equal to 114 Miles, the Difference of Latirade or 
Southing. 


This Caſe is conſtructed the; bes icy an Cat 4- 
ef — Ti meg. and by it we have che 
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As the Diff. of Latitude GK 114 — 2.05690 
is to Radius —— — '— — 1000000 
ſo the Departure KL — — 64 — 1.80618 
to the Tang. of Courſe G — — 299, 19'' 9.74928 
which becauſe the Ship is ſailing between South 
and Eaſt, will be South 299, 19' Eaſt or SSE 
_ 3 Eaſt nearly. | 


Then for the Diſtance, we ſhall have by Caſe 2. 

of Retlangular Trigonometry, the following Analogy, 
VIZ. 
As Radius — — — — — — 10.00000 
is to the Diff. of Lat. GK 114 — — 2.05690 
ſo is the Secant of the Courſe 29, 19! 10.05952 
to the Diſtance GL — — 130.8 — 2.11642 
conſequently the Ship has failed on a SSE 4 Eaſt 
Courſe 130.8 Miles. 


CASE 5. 


Diſtance and Departure given, to find Courſe and 
Difference of Latitude. | : 


Example. 


Suppoſe a Ship at Sea, fails from the Latitude 
of 34%, 24! North, between North and Weſt 124 
Miles, and is found to have made of Weſting 86 
Miles. Required the Courſe ſteered, and the Dif- 
ference of Latitude or Northing made good. | 


NM 3 - 


166 af Plain'Soiling, 


LS 


This Caſe is conſtructed the ſame Way as Caſe 5. 
7 e A 7 6 and pas At we Rave the 


” following Proportion for finding the Courſe ADB, 


VIZ, 


As che Diſtance AD — 124 — — 2.09342 
is to Radius — —, — — | — ' 10.00000 
ſo is the Departure AB — 86 — — 1.93450 
to the Sine of the Courſe D 439 54 — 9.84108 
ſo the Ship's Courſe is North 430, 54 Welt, or 
N WIN Welt nearly. 


© Theo for the Wies of Latitude; we 1556 
Ay 2 % of vgs ed 7 eee the e 


As Radius — — ? — — — 10.00000 
1s to the Diſtance AD — 24  — 2.09342 
ſo is the Co-Sine of the Courſe 43, 54/ 9.85766 

_ tothe Diff. of Latitude B D — 89.35 — 1.95108 
which is equal to 1 Degree, and 29 Minutes _ 
2 ence 


— 
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Hence to find the Latitude the Ship is in, ſince 
both Latitudes are North, and the Ship failing from 


the” Equator. Therefore, | | 
To the Latitude failed from — — | cho wy 
add the Difference of Latitude. — — 1 , 29 
the ſum is = . . = 8 53 
the Latitude the Ship is in North. 

CASE 6. 


Courſe and Departure given, 9 Ditane and 
Th of Latitude. | 
Example. 


Suppoſe a Ship at Sea, in the Latitude of 24, 
30! South, fails S E38, till ſhe has made of Eaſt- 
ing 96 Miles. Required the Diſtance and Diffe-. 
rence of Latitude made good on that CourſmG. 


This Caſe is projected the ſame Way as Caſe 1. 
of * of rigonometry, and by Caſe a. we have 


1M; 


nne 


Bl. 


— 
Fabia 96 


the following * for finding the Diſtance, 
vix. M 4 As 


4 
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As the Sine of the Courſe. G 33® ' HE 9.74404 | 
1s to the Departure HM — 96 — 1.98227 
ſo is Radius —  — — —— — 10.00 

to the-Diſtance GM — — 172.8 — 2.23753 


Then for the Difference of Latitude, we have 
by: Caſe 1; Rectangular Trigonometry, the follow- 
ing Analogy, viz. 


As the Tang. of Courſe — 33%, 45 — 9. {EY 
is to the Departure HM — 96 — — 1.98227 
foris Radius — — — — — — 10 ooo 
to the Diff. of Latitude GH - 143.7 — 2.15738 
equal to 2%, 24! nearly, Conſequently ſince the 
Latitude the Ship failed from was South, and ſhe 
failing {till towards the South, _ 
To the Latitude failed from — — 24* { 30 
add the Difference od Latitude ' — — 2, 24 


and the Sum — — — — — 265, 54 
Is the Latitude ſhe Is come to South. 


* When a Suip * ſeveral Courſes in 24 
— 9 then the Reducing all theſe into one, and 
thereby finding the Courſe and Diſtance made 
upon the Whole, is commonly called the telolving 
of a Traverſe. 

7. At Sea they commonly begin each Day s Rec- 
koning from the Noon of that Day, and from that 
time, they ſet down all the different Courſes and 
Diſtances ſtemmed by the Ship till Noon next Day 
upon the Log-Board ; Job from theſe ſeveral Courſes 
and Diſtances had from the Compaſs and Log-Line, 
they compute the Difference of Latitude and De- 
parture for each Courſe (by Caſe 1. f Plain Sailing) 
and theſe, together with the Courſes and Diſtances, 

are ſet down in a Table called the Traverſe Table, 
which conſiſts of hve Columns; in the firſt of which 
are 
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are placed the Courſes and Diſtances, in the two 
next the Differences of Latitude belonging to theſe 
Courſes, according as they are North. or South, and 
in the two laſt are placed the Departures belonging 
to theſe Courſes, according as they are Eaſt or 
Weſt. Then they ſum up all the Northings, and 
all the Southings; and taking the Difference of 
theſe they know the Difference of Latitude made 


good by the Ship in the laſt 24 Hours, which will 


be North or South, according as the Sum of the 
Northings or Southings is greateſt; the ſame way 
by taking the Sum of all the - Eaſtings, and like- 
wiſe of all the Weſtings, and ſubtracting the leſſer 
of theſe from the greater, the Difference will be 
the Departure made good by the Ship laſt 24 
Hours, which will, be Eaſt or Weſt, according as 
the ſum of the Eaſtings is greater or leſs than the 
ſum of the Weſtings ; then from the Difference of 
Latitude and Departure made good . by the Ship 
laſt 24 Hours, found as above, they find the true 
Courſe and Diſtance made good upon the whole 
(by Caſe 4. of Plain Sailing), as alſo the Courſe and 
Diſtance to the intended Port. 


Example. 


- Suppoſe a Ship at Sea, in the Latitude of 489, 
24! North at Noon any Day, is bound to a Port in 
the Latitude of 435, 40! North, whoſe Departure 
from the Ship is 144 Miles Eaſt; conſequently the 
direct Courſe and Diſtance of the Ship is SSE 
1 Eaſt 315 Miles; but by reaſon of the ſhifting of 
the Winds ſhe is obliged to ſteer the following 
Courſes till Noon next Day, viz. SES 56 Miles, 
SSE 64 Miles, NW W438 Miles, S WI Weft 
54 Miles, and S ESS E 74 Miles. Required the 
Courſe and Diſtance made good the laſt 24 * 
7 = 
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and the Bearing and Diſtance of the Ship from the 
intended Port. 

The Solution of this Traverſe depends entirely on 
the iſt and Ath Caſes of Plain Sailing; and firſt, 
. we muſt (by Caſe 1.) find the Difference of Lati- 
tuce and Departurs for each Conrle. Thus, 


x. Courſe 8E S Diſtance * 56 Miles. 1 


e — — — — —  10.00000 
is to the Diſtance —— $6" — — 1.74819 
fo is the Sine of the Courſe 339, 43 — 974474 
9 — 81 Ps 


For Difference of Latitude, 


As Radius — — — — — — 100 
is to the Diſtance — —— 6 — — 1.74819 
fo is the Co- Sine of Courſe - 33”, 45! - 9.91985 
to the Diff. of Latitude — 46,579 — 1.66804 


2. Courſe S 8 E and Diſtance 64 Miles. 7 
For Departure. 


As Radius —' — — — — — 10.00000 
is to the Diſtance — — 64 — =— 1.80618 
ſo is the Sine of the Courſe 229, 301 — 9.58284 
ee Departure — — 245 — — 1.38902 


| oy Difference of Latitude. 
As Radius — — a, 10, 00000 
z to the Diſtance. — — .—- 64 . 1.80618 


ſo is the Co-Sine of the Courſe 220, oo 9.96562 
to the Diff, of Latitude — 59.13 — 1. l 


Of * 


3. Courſe _— Diſtance 48 Miles. 
For r Depatture. 


As Dads we 8 | ST. a 5 n 
is to the Diſtance. -  - 48 1.68124 
ſo is the Sine of the Courſe - 365, 151 9.91985 


to hs Departure nc 39-91 - 1.60109 
For Difference of Latitude. 


As Radius „10,0000 
is to the Diſtance - - 48 - 1.68124 
ſo is the Co-Sine of the Courſe 56?, 15 9.74474 


to the Diff. of Latitude 26,67 - 1.42598 


4. Courle SWI Weſt Tad Diſtance 54 Miles 
—— m ' 


As Radius 33 2 10.00000 


is to the Diftance — — 54 — 1.73239 


ſo is the Sine of the Courſe — 169, 527 9.46262 
—— — — 15.67 — 1.19801 


For Difference of Latitude. 
a As 8 — —— — - ® * 10. 00000 
is to the Diſtance "—_— 54 - =, 173239 


fo is the Co-Sine of the Courſe 16?, 52! 9.98090 


to the Diff. of Latitude - - 51. 67 - 1.71329 


8. Courſe SEI S 4 Eaſt and Diſtanoe 74, Mile. 
6 Fer Departure. 
As Radius ©. © - — => = 0.00000 


is to the Diſtance = -  -  - 74. - = 1.86923 
ſo is the Sine of the Courſe - 39 „221 9.80228 
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G Courſes Diſtances Diff. of Lat. Departure 

1 | N | 1 * 
4 | SE8S - © +.S phe — 46,57 31.11 1 
SSE - 64 59.13 | 24.5 — 
1 NWZW 482667 —— 39.91 | 

SSW Weſt - - 54 51.67 15.67 
SE6SzEaſt- - 74 57-21 ] 46.94 
pcs... + - - "2667 Pre $9100255 55.58 | 
1 26.671 55.58) 
1 . Dif. of Lar 187.91 46-97 Dep. ö 


Of Plain Sailing. 
For Difference of Latitude. 


= 06 — 1.86923 


— is the Co-Sine of the Courſe © 39“, 22 9.88824 
to the Difference of Latitude 57.21 — 1.75747 


| Now theſe ſeveral Courſes and Diſtances toge- 
ther with the Differences of Latitude and Depar- 
n being ſet 2 in | was 

Columns in the Traverſe Table, will | 


The Traverſe Table. 


” Hence i it is plain, ſince the Sum of the Northings 
is 26.67, and of the Southings 214.58, the Diffe- 
rence between theſe, viz, 187.91 will be the South- 

made good by the Ship, the laſt 24 Hours; 
the Sum of the Eaſtings being 102:55, and 


of the Weſtings 55. 58, the Difference 46.97 w 


be the roy "the parture made good by the 
Ship's laſt 24 Hours; conſ Dſoqueritly to find the true 
Courſe and Diſtance made = by the Ship in that 
time, it will be by Caſe 4. of Plain Sailing, 4 
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As the Diff. of Latitude — 187.91 — 2.27393 
is to Radius . — —— —— — 1000000 
ſo is the Departure — — 46.99 — 1.67182 
to the Tang. of Courſe - — 14 o — 9.39789 
which is SSE 4 Eaſt nearly. Then for the Di- 
ſtance it will be 


As Radius — — = - — —, — 1000000 
is to the Diff, of Latitude — 187.91 — 2.27393 
ſo is the Sec. of the Courſe — 14?, 03! - 10.01319 
to the Diſtanſe— — — 193.7 — 2.28712 
conſequently the Ship has made good the laſt 24 
Hours, on a SE + Eaſt. Courſe,” 193.7 Miles; 
and fince the Ship is failing towards the Equator. 
Therefore, r e 


From the Latitude failed from — 489, 24'N 
take the Diff, of Latitude made good 3, 08 8 
there remain  — — — — 45, 16 N 
the Latitude the Ship is in North. And becauſe 
the Port the Ship is bound for, lies in the Lati- 
tude of 439, 40 North, and conſequently South 
of the Ship. Therefore, dl 
From the Latitude the Ship is in — 459 160 N 
take the Latitude ſhe is bound for — 43 „40 N 


and there remain — — —H— 136 
or 96 Miles, the Difference of Latitude or South- 
ing the Ship has to make. Again, the whole Eaſt- 
ing the Ship had to make being 144 Miles, and 
ſhe having already made 46.97 or 47 Miles of 
Eaſting; therefore the Departure or Eaſting, ſhe 
ſtill has to make will be 97 Miles. Conſequently 
to find the direct Courſe and Diſtance between the 
= and the intended Port, it will be by Caſe 4. 
of Plain Sailing. 85 | 
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As the Diff. of Latitude 96 - 1.98227 
5to Radius - - - - - = - * 10,00000 


ſo is the Departure 97 198677 
ans e "45%, 19/+10.00450 


SS 23S | ©£<S 0 


and 


As Radius —— 10. ooo 
is'to the Diff. of Latitude - FI 1.98227 
ſo is the Sec. of the Courſe - 435 19! 10.15293 
to the Diſtance *- =" 136.3 2,13520 
- whence the true Bearing and Diſtance of the intend- 
ed Port is SE, 136.5 Miles. 13 


. If the” follow ng Table, baten by Coe 1 I. 
of Plain Sailing, for the more ready working a 
Traverſe, you may obſerve; that in ao top Co- 
lumn of each Page are placed the Courſes begin- 
ning at 1 Degree, and proceeding thro? the ſeveral 
Degrees, Points, and quarter-Points, to 45 
the bottom Calumn' beginning with 459, Shere 
the upper ends, and preceding to go Degrees, the 
in the upper and lower Columns being 
the Compliments of one another. The two ſide 
Columns in each contains the Diſtances, via. 
thoſe. on the left Hand contains the Diſtances from 
1 to 30, and thoſe on the right Hand Page con- 
tains the Diſtances from 50 to 100. The other in- 
termediate Columns contains Differences of Lati- 
tude and Departures, anſwering to the Courſes in 


the top and Diftances in the fide Columns. The 
uſe 1 e be e rem che n Exe 
pl. J lore © 1 


2 Suppoſe the Fat to be S EISA Eaſt, and 
Diſtance 48 Miles. Required Difference of Lati- 
* Departure. 

Nit, 


of: Plain Sailing. — 1 
Firſt, T look in the top Column for 31 Points 
(becauſe it is leſs than 4. Points, or 45 Degrees) 
and in the ſide Column on the left Hand Page (be- 
cauſe the Diſtance is leſs than go) for the Diſtance 
48 ; then below the 31 Points, and on the 
Line with 48, I find 37.1 for the Difference 
Lot, and 30.4 for the Departure. 


Example a. 


3 the Courſe NE BE. and the Diſtance 
0 Miles. e Difference of Latitude and 

arr. 

2&6 look. in "he — * 8 
Courſe, Pim 5 Points (becauſe it | exceeds 4 Points 
or 45 De grees) and in the ſide Column on the 
right; Hand Page (becauſe the Diſtance exceeds go) 
0 Diſtance 763; then aboye the Courſe, and 


s fame Line with the Diſtance, I find 63.2 


for the Departure, | and 42,2 for the Difference of 
den... . 

| Ik the given . exceed the Ka of the 
Table, i. e. be eher 100, then that Diſtance 
muſt be divided into two or more Parts, each of 
which muſt be leſs or equal to 100; then find as in 
the preceding Examples, the Difference of Latitude 
and Departure for. each Diſtance on the given 
Courſes. and the Sum of theſe. Differences of Lati- 
tudes will be the Dilere=co of Latitude required, 
alſo the Sum of i "HONG, wel be the De- 
ren Tn: 5: botiuns: / 


= 1k - - 
. N 7 * 
- : 
G hy 4 - 
40 - * 1 * = . 72TH <#FSS +4 4 
= 


Suppoſe the Courſe S WS, and Diſtance: 146 
Miles Required the Difference of ae and 
W, ui aol 280 n. 


Þg, 


42 = W 
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175 =P Plain Sailing. 


Fi . 1 ride the given Diſtance into two, vix. 
100 and 46; then the Differences of Latitude and 
anſwering to theſe on a S WIS Courſe, 


found in the Table, will be as follows, viz. 


Corrs Dit. Dif. of Lat, Des. 


SW65S 100 83.1 55.6 
2 38.2 25.5 
| — | oy 12.3 81.1 


| The Sum of the Differences of L VIZ, | 


121.3 is the Difference of Latitude required, and 
the Sum of the Departures, vix. 81.1 18 the De- 


parture required. 
After the fame Manner may a Traverſe be 


- wrought by the Table, viz. by finding the Diffe- 
rence of Latitude and Departure (from the Table) 
to each Courſe and Diſtance, and ſetting them down 
in their proper Columns in the Traverſe Table, 
and then working as in the foregoing * of 
a Traverse. | 


Example. 


- Suppoſe a Ship in the Latitude of 969, 42! 
North, fails on the following Courſes, os SES, 
56 Miles, SSE 42 Miles, SSW 64 Miles, and 
NEIN 40 Mile Required the Courſe and Di- 
ſtance made good upon the whole, and the Lati- 
tude the Ship has come to. 


\ Firſt, I take from the Table, the Difference of 
Latitude'and Departure belonging to each Courſe 


and Diſtance, and theſe ſet down in their proper 


2 Columns 


Of Plain Sailing. 177 


Columns in the Traverſe Table, will ſtand as fol- 
lows. ; | 


— 


| Courſes Diftances| Diff. of Lat. | Depart 


ure 
N 8 E * 
SES - 5646.6 |.31.1 IWR 
SSE - — £453 | wn—————y 39.7 16.5 3 
SW - 64.— 162.8 — 12.5 
| NE5N - - 40| 33.3 —1 22.2 — 
| 33-3 | 149.1] 69.8 | 12.5 
33-3 * 123-9 


. Dif. of Lat. 115.8] 57.3 Dep. 


Whence it is plain, that the Difference of Lati- 
tude made good is 115.8 Miles, and the Departure 
is 57.3 Miles; then for the direct Courſe and Di- 
ſtance it will be, by Caſe 4. of Plain Sailing. 


As the Diff. of Lat. 1158 - - 2.09968 
is to Radius n 3 
ſo is the Departure $57.3 - = 1.75815 
to the Tang. of the Courſe 245, 30! - 9.65847 
which, becauſe the Ship is ſailing between South 
and Eaſt, will be SSE Eaſt nearly. Again, for 
the Diſtance it will be | | 
As Radius - - - - - = = - - 10.00000 
is to the Diff. of Lat. 115.8 - 2.09968 
ſo is the Sec. of the Courſe 245, zo! - 10.04098 
to the Diſtance - - - 138.3 - = 2.14066 


And ſince the Ship is failing towards the Equa- 
tor, conſequently diminiſhing her Latitude, there- 
fore, | 3 
From the Lat. ſaiꝰd from - 436, 43/ N 


ſubtract the Diff. of Lat. - = - 1 , 55 SY : 


and there remains - - - - - = 34 $48 N 
the Latitude the Ship has come to, | 
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186 K TAII E of Difference 
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f vir Sailing,” yan 


decreaſe the nearer, they, approach, the Pole, 
it is plain a Degree on thy of em muſt be leſs, 
than 8 Deg upon the nator, Now in order 
to xe Length ofa 1 on LO of cr 2 
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i of 2 and weden 5 2 
10 nr | I 
al 1d . 
63 * 4 
2 
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and CD a perpendicular from that Point upon the 
Axis, which plainly will be the Sine of CP the 
Diſtance of that Point from the Pole, or the Co- 
fine. of CA it's Diſtance from the Equator, and 
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Equator , C a Point on the Meridian, 


CD, will be to A B, as the Sine of CP or O 


fine of CA, is to the Radius. 


if the | 
dnn ne PAB be ard romd upon the Axis PB, B, 
L tis 


202 Of . Parallel. Sailing. 
tis plain the Point A will deſcribe the Circumfe- 
rence is KB, 


other Point C upon the Meridian will deſcribe the 


Circumference of a Parallel, whoſe Radius is C D. 
Cor. 1. Hence (becauſe the Circumferences of 

Circles are as their Radi) it follows, that the Cir- 

cumference of any Parallel, is to the Circumference 


of the . as the Co: ſine of it's. rt i to 


Radius. 
Cor. 2. And ſince the * are 23 their fimilar 
Parts, BO as the Len e of a Degree on any 
to the Lengt 
meg 75 is the Cote, of the e Tate of: that 
Parallel, to Radius. 


Cor. 3. Hence as Nadi, is to the dae of 


any Latitude, ſo is the Minutes of Difference of 
Longitude between two Meridians, or their Diſtance 
in Miles upon the Equator, to the Diſtance of theſe 
two Meridians on the Parallel in Miles. 

Cor. 4% And as the Co- ſine of any Parallel is to 
Radius, Sr is the Length of any Arch on that Pa- 
rallel (intercepted between two Meridians) in Miles, 
to the Lepgth h of a fimilar Arch on the Equator, 
or Minutes of Pifference of Longitude. 

Cor. 5. Alſo as the Co-ſine of any one Parallel, 
is to thei Lo- ſine of any other Parallel, To is the 
Length of any Arch on the firſt, in Miles, to the 
Length of the fame Arch on the other in Miles. 

2. From. what has been ſaid, ariſes the Solution 


ee upon the E- 


of the ſeveral Caſes of W 3 * are AS | 


Do __ S012 g. | | 
nOQU 2q79% £ 
49 AE 1 


11011 


e 
* + 


4 
91 


bath lying on the _ 8 bo y the Arn Be- 


Ad 8 A 2d) " qu ELIOT ber 1 d AKA 


1h Example I, 


: Groen the Difference of Longituls fake A two „ Places N 


. . 
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| Example 1. 


Suppoſe a Ship in the Latitude of 549, 207 
North, ſails directly Weſt on that Parallel till ſhe 
has differ'd her Longitude 12, 45/. Required: 
the Diſtance faiPd on that Parallel. 


- Firſt, The Difference of Longitude reduced in- 
to Minutes, or nautical Miles, is 7660, which is the 
Diſtance between the Meridian faiPd from and the 
Meridian come to, upon the Equator ; then to find 
the Diſtance between theſe Meridians on the PA. 
rallel of 54%, 20!, or the Diſtance faiPd, it will 
be, by Cor. 3. of the pr Article, 


As Radius — ( 10.0 οõοẽ 
is to the Co- ſine of the Lat. 54, 20 | 9.76572 
ſo is the Minutes of Diff. Long. 763 2.88366 
to the Diſtance on the Parallel 446.1 - 2.64938 


; Example 2. 


A Degree on the Equator being bo Minutes, or 
nautical Miles. Required the Length of a Degree 
on the Parallel of 319, 32“. 


Buy Cor. 3. of the laſt Article, it will be 


As Radius - - - _ 10.00000 
is to the Co- ſine of the Lat 519, 32" 29825 
. W's eee - po 15 


I 2 37-32 + er 
the Miles anſwering to a Degree on the Par 
51 , 320 


By this Problem the following Table i is Gens 
ed, ſhewing the Geographic Miles anſwering to a 
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Degree on any Parallel of Latitude; in which you 
may obſerve, that the Columns mark'd at the Top 
with D. L. contain the Degrees of Latitude be- 
* Inwging te each Parallel; and the adjacent Columns 
marked at the Top, Miles, contain the Miles an- 
ſwering to a e r bet 


1 * 1 1 


; TT 
4 ww 44 


4 Tau e how'\many Miles anfaver to a De- 


6723:45 þ;35 [' 5-23} 
| 38.57] 168| 22.4.844 8 4-18}, 
95 or 37-70 [[69g}.21,.50 1821 3140 
57.67] 1341 49-74 | | 524 56:94] [59 {20 921189 | 2.09} 
$7-37| | 35] 49-15] 53/3617 19-541[%9] 2-95} 
.06 1,136 48.54). 54935-2600 1.72, 18,554 909) 0.40] 


Ker of Long ane 
24 1 | 
(©: TESTE don Tot [5 £20 SE = 87 
JR | «FE IM WES B : Miles ; 
1865999 19 5% 37A [55 [34-41 731747 
 2[59-97] [20[56.35|.| 38147-28] [56 33:55 74 116-53} 
; 3] 59-92] [21] 56.01 f39 46.62 57326875552 
4159-86] [22] 55-63] 140[45-95] [581 31-79] [761451 
oxf89-77| [234 55-3| þ41 [45 250% % þ77 113.50) 
5257] [23h 524-2 ſel 421425} [2 Dip {78 11288} 
245 56 25; 54-38 [43143-88419 29909} 1794.1 1-45 
S942] [251 53:93, [44|43-46] [02 | 28.17 [8010.42] 
"9159-26 147 53-467 | 45 [42-43] [63] 27:24] 8r] 9.38 
101 59.08 28 52 97 46 41.68 | 64 26.30 92 8.35 
1 58.89 39] 52-47 | 4744%:92Þ165 25.3683 7.32] 
2 58.68 3⁰ 51.96] [48 = 66 | 24.41 84| 6.28 


- 
* 
— 


Tho his Table does only -ſhew the Miles! an-' 
ſwering to a Degree of any Parallel, whoſe Lati- 
made; conſiſts of a whole! Number of Degrees; yet 

it may be made ta ſerve for any Parallel, whoſe 
Latitude is ſome Number of Degrees and . } 
by making the following Proportion, viz. 4 

As 1 Degree, or 60 Minutes, is to the — 
betern the Miles! anfwering to a Degice in the 
net greater and nent leis — 


| DF" Parallel "Sailing. 20 
that propoſed, ſo is the Exceſs of the propoſed 
Latitude above the next leſs Tabular Latitude, to a 
proportional Part; which, ſubtracted from the Miles 
anſwering to a Degree of Longitude in the next 
lels Tabular Latitude, will give the Mie n. 


ing to a D in the propoſed I. 
| * Example... W .4...3 ve 


Required to find the Miles anſwering to a * 
gree on the Parallel of 56, 44' oY 

Fi 95 The. nex less Parallel of Latitude EY he 
Table than that propoſed, is that of 66, a De- 
gree of which (by the Table) is equal to 33.5 
Miles; and the next greater Parallel of Latitude in 
the Table, than that propoſed, is that of 379, a 
Degree of which is (by the Table) equal to 32.68 
Miles; the Difference of theſe is ;87, and the Dll 
ſtance between theſe Parallels is 1 Degree or 60 
Minutes; alſo the Diſtance between the Parallal of 
869, and the propoſed Parallel of 569, 44“ is: 44 
Minutes; then by the preceding Proportion it will 
be: As 60, is to. 87, ſo is 44, to. 638, the Diffe- 
rence between a Degree on the Parallel of 56% and 
a Degree on the Parallel of 36, 44', which there- 
fore taken from 33.55, the Miles anſwering to a 
Degree on the Parallel of 86%, leaves 32.912 the 
Miles anſwering to a Degree on the Parallel of 86, 
440, as was required. 


EASE 2. 


. The Difance faitg in any Parallet of 2 or 
the Diftance between any t Plates pn bat Parallel 
being given, to find the 9 of Longitude. 


N | Example 4 


10 
1 
ju 4% 
"7 
41 
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- 
: 
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- 
+468 
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of Parallel Sailing. 


-- Suppoſe | a Ship in the Latitude of 549, 367 
North, fails directly Eaſt 685.6 Miles. Required 
how much dhe has differ'd her Eongitude. © © 


By Cor. 4. Art. 1. of this Section it will be 


As the Co- ſine of the Lat. 55% 36 © 9.75202 
is to Radiuhnhnsää - 10. 00000 
ſo is the Diſtance ſail d 685.6 - 2.83607 
to Min. of Diff. of Long. - 1213 '- - 3.08405 
which reduc'd into Degrees, by dividing by 60, 
makes 20%, 1 2 tie Difference * d er the 
* has 0 5 


| This may alſo be ſolv'd by help of the üg 
Table, viz. by finding from it, the Miles anſwer- 
viding a Degree on the propoſed Parallel, and di- 
vi with this the given number of Miles, the 
Quotient will be the Degrees and Minutes of Diff. 
a Longitude required. 

Thus in the laſt Example; I find, from the fore- 
going Table, that a Degree on the Parallel of 559, 
367 is equal to 33.89 Miles; by this I divide che 
— — number of Miles 685.6 and the Quotient 

20:23 Degrees, i. e. 20% 130 the Difference of 


Longitude required. 
CASE 3. 


The Difference of Longitude between two Places on 
the ſame Parallel, and the Diſtance between them Pang 
given, bo fond the reed of that Parallel. 


Example, 


Of | Parallel — A0 


£ 


4 _ Example, 


Sappoſe' A Ship ſails on a certain Paras dect 
Weſt 624 Miles, and then has differ'd her Longi- 
tade 18, 46! or 1126 Miles. Required the Lati- 
rude of the Parallel ſhe faiPd upon. 


By Cor. 3. Art. 1. of this Seton it will be 


As the Min. of Diff. * 1126 3.05154 
is to the Diſtance fad * 624 - . 2.79518 
ſo is Radius 10. 00000 
to the Co- ſine of the e — 56», 21! 9.74364 
conſequently the Latitude of the _ or Parall! 
ſhe fail d upon was 56 210 


hom what has been ſaid, may be bed the fol- 
bare Problems. | 


\ " 


| 3 R O B. 1. 
: 


Suppoſe two Ships in the Latitude of 469, go! 
North, diſtant aſunder 634 Miles, fail both direct- 
ly North 256 Miles, and conſequently are come to 
the Latitude of go“, 46! North. PILE their 
Diſtance on that Parallel. 


By c. 'S: of + Art. 1. of this chin it vil be 


As the: Co-fine f 1469, got: - 9.83781 
is to the Co-ſine of -  --50 , 46 - 9.80105 
Oi bs 6% 1-2 2.85558 
to - 60 - = 2.77882 
the Diſtance berween the Ships when on the Pa- 
rallel of 50?, 46. | 


PR 01 2. 


of \Parallkel. Sailing. 
2 R O . 2. 


Suppoſe two Ships in the Latitude of 459, 48 
North, diſtant. aſunder 846 Miles, fail directly 
North till the diſtance between them is 624 Miles. 
— the 1 dane to, and the diſtance 

d. Nil dt uu of 110 5 SDU 


- 


By Cor: Oy I. EN Seffion it will be 
As their firſt Diftance Wn 84 Ito 1 7 a 


is to their ſecond — 624 . ; 2.79518 
ſo is the Oo-ſine of - 43, 467 9.84334 
to the Co- ſine of 744 no 76 9 8971415 
the Latitude of the Parallel Ships are come 8 
Conſequently to find theif Diſtance fald,” 
From the Latitude come to ge, 04% 
ſubtract the Latitude ſail'd from. 2 453 "48 
and there remains - 13 , 16 


equal to 796 Miles, the Gerede of Latitude or 
diſtance 1 | 


. Tho * long he Problems i in his Sefton, 
we ſuppoſed the Earth to be really ſpherical, yet it is 
not ſo, hut rather an allate Spherivd having the Dia- 
meter af the Equator about 34 Miles longer than 
the Axis; which makes the Length of a Degree on 
the Meridian, near the Pole, about 'a Mile longer 
than the Length of a Degree near the Equator; and 
the Nadii of the Parallels inſtead of bei Zines in 
4 Circle, will be Ordinates to the leſſer Axe of an 
Elipſe. Conſequently the true Length of a Degree 
on any Parallel, will ſome what differ from its Length 
on the Suppofition of the Earth's being a Sphere; 
but this difference is ſo ſmall, that in all nautical 
Caſes i it wy _y be neglected. | 
SECT. IX. 


| Of Middle Latitude Sailing. 


1. HEN two Places lie both on the ſame 
| Parallel, we ſhewed, in the laſt Section, 
how from the difference of Longitude given, to 
find the Miles of Eaſting or Weſting between them, 
E contra; but when two Places lie not on the 
ſame Parallel, then their difference of Longitude 
cannot be reduced to Miles of Eaſting or Weſting 
on the Parallel of either Place; for if counted on the 
Parallel of that Place that has the greateſt Lati- 
tude it would be too ſmall, and if on the Parallel of 
that Place having the leaſt Latitude it would be too 
t. Hence the common Way of reducing the 
Hifference of Longitude between two Places, lying 
on different Parallels, to Miles of Eaſting or Welſt- 
ing, & contra, is by counting it on the middle Pa- 
rallel between the Places, which is found by adding 
the Latitudes of the two Places together, and ta- 
king half the Sum, which will be the Latitude of 
the middle Parallel required. And hence ariſes 
Solution of the following Caſes. 


CASE r. 


The Lati fudes of two Places, and their Difference 
of Longitude, given, to find the direfF Courſe and Di- 
ſtance. 


— 


Example. 


Required the direct Courſe and Diſtance between 
the Lizard in the Latitude of 30, oof N. and 
2 Longi- 


Middle Latitude Sailing: og 


” 21 audi, Latitude Sailing. 


' Longitude of ge, 14' W, and St Vincent in the 
0 W. — a 432 
20/ 


Firſt, To the Latitude of the Lizard - 50, 00 N 
add the Latitude of 8 Vincent - 17, 10 


The Sum iss 67, 10 
Half the Sum or Latitude of | N 

the middle Parallel is - - me II IP IL 
Alſo the Diff. of Latitude is 32, 59 


n to 1970 Miles of ſouthing. Again, 


- 


From the Long, of S. Vincent LC OL 44 20 W 
take the Long. of the Lizard - - - 65, 14 W 


there remains - 19, 06 
equal to 2146 Nin. of Diff of Long, Weſt, 


Then for the Miles of Weſting, or libra: it 
will be, by Caſe 1. of Parallel Sailing, 


As Radius —— — 10.00000 


to the Co- Sine of the? 
1 middle Parallel 5 33 35" - - 9.92069 


fo is Min. Diff. of Long. 1146 - 3.05918 
to the Miles of Weſting - - 954.7 - - - 2.97987 


And for the Courſe it will be, by Czfe 4. of Plain 
Sailing, 


As the Diff. of Lat. "9 = = 3:29447 
is to Radius 10. ooo 


ſo is the Departure 954-7 — - 2.97987 
to the Tang. of the Courſe 25% 51! - 9.68540 


which becauſe it is between South and Weſt will 
be SSW Weſt nearly. 


For the Diſtance it will be, * the ſame Caſe, 
As adios - =  10.00000 
is to the Diff. of Lat. 1970 - = - 3.2944 
4 4 ON | 0 


* Middle Latitude Sailing: 2471 


ſo is the Secant of the Courſe 259 51! - 10.0457 
to the Diſtance — — — 2189 — 3.3402 


whence the direct Courſe. and. Diſtance from the 


* ta St Vincent is SS W * 2189 * 
CASE 2. 


| Owe Latinule, Courſe and Diftance ſailed; being aha 
i fnd the other Latitude, and Difference of Longinade 


Suppoſe a Ship in the Latitude of 50*, got 
North, ſails South 509, 06! Weſt 150 Miles. Re- 
quired the Latitude the Ship has come to, and how 
much ſhe has differed her Longitude. 


Firſt, For the Difference of Latinade it will be 


by Caſe 1. of Plain Sailing, 


As Radius — — '—- — — —» 1000000 
+ is to the Diſtance — _ — 150 — 2.17609 
19 is the Co- Sine of the Courſe 30%, 06! 9g:80516 
to the Diff. of Latitude — 96.22 — 1.98325 
ek 1%, 36!, and fince the Ship is failing to- 
Wards the Equator. Therefore, 

From the Latitude ſhe was in — — | 50?, oof 
take the Diff. of Latitude —  — — 1 36 
and there remains — — — — 48 , 24+ 


the Latitude ſhe has come to North. Conſequent- 
ly the Latitude of the middle Parallel will be 


49% 120. 


Then for Departure or-Weſting it will be, by the 
fame Caſe, N 


P 2 "IM 


= 
— 2 v.ke— — —— 
2 — > 2 — 
. _— 7 
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As Radius — — — — — — 10.0000 
is to the Diſtance — — 150 — 2.17609 
ſo is the Sine of the Courſe 509, 06! — 9.88489 
to the Departure '— — 115.1 - — 2.06098 
and for the difference of Longitude, it will be, by 

Caſe 2. of Parallel Sailing. 


As the Co-ſine of the mid. Par. 499, 120 9.81319 
is to Radius. — '—  — — _—  10.00000 
ſo is the Departure' —— — 115.1 2.06098 
to the min. Diff. of Longitude 176.1 2.24579 


equal to 29, 56/, which is the difference of Longi- 
* the Ship has made Weſterly. 


"CASE 3. 


Courſe and Difference o Latitude * to find the 
Diſtance fail d, and Difference of Logs inde. * 


Example. 


Suppoſe a Ship in the Latitude of 3 » 347 
North, fails SES, till by Obſervation 5 is found 
to be in the Latitude of 51, 121, and conſequent- 
ly has differed her Latitude 2%, 221, or 142 Miles. 
Required the Diſtance failed, and the Anne of 
Longitude. . 


For the Departure, it will be (by Caſe 2. 
of Plain wan 0 e e 


As Radius — — — — Fox ths 10.00000 
is to the Diff. of Latitude — 142 2,15229 
fo is the Tang. of Courſe — 33%, 45! 9.82489 


to the Departure  —— —— 94.88 1.97718 
And for the Diſtance, it will be, by the ſame Caſe, 


* 
. 4 
, 6-4 Ag 
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8 4 

As Radius — — — — — 10.00000 
is to the diff. of Lat.— 142 — 2.15229 
ſo is the Secant of Courſe — 33%, 45 10. 08015 
to the Diſtance — '—— 1708 2.23244 


Then, fince the Latitude failed from was 33, 
4! North, and the Latitude come to 51* J 12/ North; 
deresere t. the middle Parallel will be 32%, 230, and 
conſequently” for the difference of Longitude, it 


will be (by Caſe 2, of Parallel ny) 


As the Co-ſine of the mid. Par. 529, 23! ks 
is to the Departure — — 94.88 — 1.97718, 
ſo is Radius — — — '— -— _10.00000 
to min, of diff. of Longit. — 153.5 2.19158 
* o 2, 380 the difference of Len 


.. 
| GA S E 4. 


Difference of Latitude, and Diſtance ſailed, given, to 
1 the Courſe and Difference of Longitude. | 


Example. 


Su . a Ship in the Latitude of 43. 26! 
North, fails between South and Faſt, 246 Miles, 
and then is found by Obſervation to be | in the Lati- 
tude of 41%, 06' North. Required the direct Courſe 
and Difference of Longitude. 


© Firſt, For the Courſe it will be, by Caſt 5, of 
Plain * | | 


As the Diſtance © — — 2 — 2. 39094 
is to Radius — — — — — '10,00000 
CT. P 3 ſo 


2314 — Middle Latitude Sailing, 
ſo is the Diff. of Latitude - — e 14613 
to the Co-Sine of the Courſe 35 , 191 9.78519 


'which, becauſe the Ship fails between South and 
Eaſt, will de South 55, 19! Eaſt, or S EYE 


ncarly. 
Then for Departure it will be, by che ſame Cafe, 


As Radius —— — — — 10,00000 
is to the Diſtance - — 246 — — 2.39094 
ſo is the Sine of the Courſe 55?, 19 — 9.91304 
to the Departure — — 202.3} — 2.30598 


Tah, F. ar the Pifference of Longitude, it vill 
be, by Caſe 2. of Parallel Sailing, * 


As the Co-Sine of the mid. Par, 429, 1 6/ 9.86924 


to min. of Diff. of Loogit. — 273-3 « 2.43674 
equal 5 4, 331, the Difference of Longitude 
ax {+ Opt | 


= _—_ m a 
© 1 = TY 
- 1 + % 


Courſe and Departure. given, to find Difference of 
Latitude, Difference of Longitude, and Diſtance 


Su ppoſe a "NS in the take of 480, ir 
| — ale SW5S, till ſhe has made of Weſting 


123 Miles. Required the Latitude come to, the 
Difference of Longitude, and the Diſtance failed, .. 


Firſt, For the Diſtance i will be, *I * 


2450 1 
. 3 


95 P lain Sailing. 


— — c. * 


213 


b de of the Court 33d, e 
is to the Departure — — 123 — 2.08991, 
ſo is Radius — — — — — 70.00000 


to the Diſtance— — — 2214 — 2.34517 


And for the Difference of Lathes it will No by 
the ſame Caſe, . | 


As the Tang. of Courſe — 43 45! — OW 

is to the Departure — — 123 — DT 
ſo is Radius? ?? ? — Tr0,00000 
to the Diff. of Latitude — 184 — 2.26502 


equal to 30, 04!, and ſince the Ship is ſailih to- 
wards the Equator, the Latitude come to will be 
45 19! North; and conſequently the middle Pa- 
rallel will be 466, 1 


Then to find the Difference of 4 it wee 
by Cafe 2. of Parallel Sailing, 


As the Co-Sitie of mid. Par. 46% 51! — RF 

is to Departure. — —— 123 — 2.08991 
10 is Radius —  — * 2 — tog 
to min, of Diff. of Longit. 180 — — 2, 25491 
which is equal to 30, ol, he Dilreies of as 
Situde Weſterly. N 


f As E 6 


Di ferener of Latitude and Departure given, to fad 
Courſe, Diftance, and Difference of Longitude, 


” Example. 


Suppoſe a Ship in the Latitude of 469, 

oppoſe between South and Eaſt, till ſhe has 27 

made of Eaſting 146 _ and is then fund 
4+ 


— 


— ax 4 + 2 
— - - 
\ 


— 
— 
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by Obſervatian to be in the Latitude of 43*, 24 
North. Required the Courſe, Diſtance, and diffe-- 
rence of Longitude. | 


BN, By Caſe 4. TE Plain Saili ing, it - will "A for 
GC | 


LY 


— — 


—— cue » 
5 2 
—— — 


1 


As the Diff. of ZW — 193 — 4206 
is to Departure, — — 146 — , 2.16137 
o is Radius —, ,—. — — — , 10,00000 
to the Tang. of the Courſe 36, 55 — 9. = ok 
which . becauſe the. Ship is ſailing between 

and Eaſt, will be South 565 550 Eaſt, or ads 
Et nearly. { 


Fes. the Diſtance i it will "oy by the ame Caſe, | 


As Radius — —  — —  -— 10.00000 
to the Diff. of Latitude — 193 — | 2.28556 
ſo is the Sec. of the Courſe 36% 55!" 1009718 
to the Diſtance OT 2.38274 


Then for the Ae of Longitude it wil be, | 
by Cafe 2. of Paralke Sailing. 5 


As-the'Corſine of the mid. Par. 452, oo! es 
is to the Departure — —— 146 2.16137 
fo is Radius — — — — — 10. 00000 
to min. of diff. of Longit. — 205 2.31188 
za to 3“, 25/, the difference of Longitude 


. 


— — — 


a. 
———U— x -— — 1 — = ww my ——— 


K — — — — — — 9} 4 IT 
ͤy——U—Pͥ—  - 0 --_ —-—̃ = SS — — — U: SS} —ĩ7ͥͤ uo 


* 


CASE 7. 
Diſtance and Departure given, to find Difference 7 
, e and Di erence of: woo | 


* 5 N 1 3 4 « i. ws 4 0 890 4 * $—— * « 

:, 1 . GG 4 . + & 

: . ö _— 
| " « 

* — 

* 
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o gs *® d lk 
#4 4 


Suppoſe a Ship, in the "ek of 33*, me 
North, fails between South” and Eaſt 165 Miles, 
and has then made of Eafting 112.5 Miles. Re- 

uired the difference of Latitude, Cour, and Dif- 
2 of Longitude, 


Firſt, For the 3 it will be, e of 
Plain Sailing. ©" GY 


As the Diſtance — — ” — 
is to Radius © —* — . — — — 10.000 
ſo is the Departure — _ 102.5 — 2.05115 
to the Sine of the Courſe 42%, 591 — 9.83367 


Which becauſe the Ship fails bars South and 


' Faſt, vill be py Ig ARES, 
2 Faſt nearly. | 


And for the. difference * — it will be, by 
the ſame An 


As Radius a” ne, he}. nan = 
is to the Diſtance — — 165 — 2.21748 
ſo is the Co- ſine of the Courſe 429, 591 9.86436 
to the Diff. of Latitude — 120.7 2.08 184 


equal to 20, oo! m the Latitude come 
to will be 31“, 400 North, and the Latitude of the 
middle Parallel "will be 32, 401. Hence to find 
the difference of Longitude it will be, by _ 2. 
of Parallel Cs: 


As the Co- ſine of the mid, Par. 329, 40 BP "Wy 
is to the Departures — — 112.5 — 2.05115 
ſo is Radius — — — — — ' 10,00000 

to 
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to min. of Diff. of Long. — 133.6 — 2.12593 
equal to 20, 13/ nearly, the Difference of Longi- 
-tude *. 


, U 4 " I : my A 8 E 4 
: #» | g. 4 


WY es of Tobin and . given, 40 Ind 
3 ference of Latitude, Courſe, and Diſtance . 


5 ©: x hv 3 Exan | 
4 % * Ga + 8 * . 
„ . : 


: Suppoſe. a Ship in the Latitude _—_—_ 50% 460 


North, ſails between South and Weſt; ll her 
Difference of Longitude is 3, 12!, and is then 
found to have departed from her former Meridian 
126 Miles. Required the Difference of Latitude, 
— and Diſtance failed. 


Neft, erde Latitude ſhe 6 0 come to it will 
. by Caſe 3. of Parallel Sailing 


As Min. of Diff. of Long. — 192 — 2.28330 


is to Departure — — — 126 — 2.70037 
ſo is Radius ——, — '— — — 10.00000 


— 2 of che mid. De 5 0 8 


A Rewe the middle Latitude is 8 to half 
the Sum of the two Latitudes (by Art. 1. of this 
$efl.) and ſo the Sum of the two Latitudes equal 
to double the middle Latitude; it follows that if 
from double the middle Latitude we ſubtract any one 
of the Latitudes, the Remainder wal be the other. 
Huge from thrive 489, 59!, wiz. g7*, 58! taking 
500 „46%, the Latitude filed from, there remains 
47%, 12!, the Latitude come to. Conſequently the 
Difference Lide is 3's 3 1 or e Minutes. 


1 R 4 — * * oo - 2 @> - * —U]— << * * 4 ben 
» 4 <7 1 1 
vi 
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Then Tor the Courſe i vim be, by Coſe 4. o 
Plain Sailing, | 


As Diff. of Lat. — Fn ny #7 — 233041 


is to Radius — — 15 10. 00000 
ſo is the Departure — 126 — 2.10037 
to the Tang. of the Courſe — go?, 20! 9.76995 


which becauſe it is between South and Weſt, will 
be South 30%, 29 Welk, or SSW 3 Welt nearly. 


And for the Diſtance it will be, by the fume Caſe 


As Radius — — — — 10,000 
is to the Diff. of Lat. 214 7 233041 
ſo is the Sec. of the Courſe - 30%, 29 1006461 
to the Diſtance — — — 24844 — 2.39502 


2. From What has been fad. it will be eaſy to 
ſolve a Traverſe, by the Rules C7 Middle Lil | 
n | | | 


- = 
: _— 
= 
WATTS XP 1 
* 6 
- - 9 fy 


2 2 1 in chi Latitade' of ts * 
N File Good the following Courſes, viz. SW 
bS 63 Miles, SSW 3 Weſt 4 45 Miles, S E. 54 
Miles, and SWW 74 Miles. Required the 
Latitude the Ship has come to, and how far ſhe 
has differed her Longitude. 


Firſt, By Caſe 2. of this Sers. find the Difference 
of Latitude, and Difference of Longitude belong- 
ing to each Courſe and Diſtance, and they will 
ſtand as in the nn Table. 


OL 


fant Tas £25 Shrirs TEAS 2 157-55 
115 2 3% . DiF. of Lat. 186.2 - . 4 I 17 * 


es e Latitude Sul. 


Wann — — 7 
re we 1 es PE Lat. Bo lags 
47- 5 


IWS 63 52-4 | 
1458S8W +W 445 | 39:7 1 28,62| - 
004.8688 _— 4 2 — 
x4 . 0 74 — 41-1 | | $1.08 


* 
© & 


— 
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Hence it is __ the Ship hat differed her Lati- 
tude: 186.2 Minutes, or 357 a6, and ſo has come 
to the Latitude of 40, 19 North, and has made 
of difference of Longitude 143. 8 Minutes, or 225 
23% 48% Weſterl7. 13 

3. This method-of Sailing, cho ie be not Krick. 
Munde, yer i it comes very near the Truth, as. 

lea Aby comparing an. Example wxought 

by. Method, 1 3 os. ſame wrought, by. the 

8 delivered in the next Section, which is tick 
ly true; ; and - it ſerves without any conſiderable 
Error, in runnings of 450 Miles between the Egua- 
tor and Parallel of 20 Bored ; of 300 Miles be- 
tween that and the Parallel of 60 Degrees; and of 


150 Miles, as far as there is any occafion,” and con- 


1 rr, 3 
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SECT. X 
Of Meriator's Sailing. 


2 O ala Mzridians do all meet at the Pate, 
and the Parallels to the Equator do con- 
tinually decreaſe, and that in proportion to.the Co- 
figes af their Latitudes ; yet in old Sea Charts the 
Meridians 
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Meridians were drawn parallel to one another, and 
conſequently the Parallels of Latitude, made equal 
to the Equator, and ſo a Degree of Longitude on 
any Parallel, as large as a Degree on the Equator ; 
alſo in theſe Charts the Degrees of Latitude were 
ſtill repreſented (as they are in themſelves) equal to 
each other and to thoſe of the Eguator. By theſe 
means Places were very erroneouſly marked down 
upon the Chart; thus, for inſtance, an Iſland on 
the Parallel of 60, would in this Chart be repreſent- 
ed in a double Proportion, as to it's length in Zaſt- 
ing and Weſting, but the ſame. as to it's breadth in 
Northing and Southing 3, whereas in order to it's being 
truly drawn upon the Chart, it ought to be length- 
ened, as to it's Southing and Northing, in the ſame 
Proportion as it is in it's Eaſting and Weſting, ſo as 
the whole may be repreſented on the Chart propor- 
tionally as it is on the Globe itſelf, 
2. To Remedy this Inconvenience, ſo as ſtill to 
keep the Meridians parallel, tis plain we muſt pro- 
or lengthen, the Degrees of Latitude in the 
ſame proportion as thoſe of Longitude are, that ſo 
the proportion in Eaſting and Weſting, may be the 
ſame with that of Southing and Northing. | 
3. In the annexed Scheme let A BD be a Qua- 
drant of a Meridian, BF or CG the Radius of the 
Parallel deſcribed by the Point E 
B Band CD the Radius of the E- 
quator; draw the Tangent DE A B 
and Secant CE alſo the right p[. 
Sine BG. Then it has been de- 
monſtrated, in Sect. VIII. that a 
Degree upon any Parallel, is to 
a Degree on the Equator, as the (C D 
Co- ſine of it's Latitude, is to G. 
Radius. Thus a Degree on the Parallel deſcribed 
by the point B, is to a Degree on the Equator, as 
BF or CG is to CD the Radius; but (by. Art, 
JENS | 74. Sell. 


— 
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4. Sell. 1.) CG: CD:: CB: CE; therefore à 
Degree on any Parallel, is to a Degree on the E- 
quator, as Radius is to the Secant of the Latitude; 
and fince in this Projection the Meridians are ſu 


to be parallel, and conſequently each of t 
arallelr equal to the Equator, tis plain the Radius 
of any Parallel will become equal to the Radius of 
the Eguator, and fo CG will every where become 
equal to C D; but when CG becomes equal to 
CD, tis plain CB will become equal to CE, 
Conſequently in this Projection, the Radius of the 
Meridian at any Parallel, will be equal to the Se- 
eant of the ore ——＋ _ Cons Alſo fince a 
Degree or any Are e tor, is 
equal to a Degree or the like Arch 2 
dian; therefore as the Secant of any Parallel, is to 
Radius, fo is the Length of a Degree or any ſmall 
Arch on the Meridian, to the Length of a Degree 
or like Arch on that Parallel. Hence *tis evident 


_ that, in this Projection where the Meridions are pa- 


rallel, a Degree on any Parallel will be increaſed 
beyond it's juſt Proportion, at ſuch Rate as the Se- 
cant of the Latitude, is greater than Radius; and 
conſequently the Degrees on the Meridian muſt 
every where be inereaſed in the ſame Rate; that ſo 
the Proportion in Northing and Southing, may be 
the fame with that of Eaſti and Ming, that is, 
the Length of a Degree or any ſmall Arch on the 
inlarged Meridian, muſt every where be to a De- 
or like Arch of the Meridian on the Globe, as 

the Secant of the Latitude, is to Radius. Hence by 
ſuppoſing the Length of any ſmall Arch of the 
Meridian Radius, it follows from what has been 
kid. 
Cor. 1. That the Length of a Degree or any 
ſmall Arch on the enlarged Meridian, is every 
where equal 'to the Secant of the Arch contained 
between it and the Equator, - | = 
8 2. c 
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2. The Diſtance of any Point upon the enlarged | 
Meridian from the Equator, is equal to the Sum of 
all the Secants contained between it and the Egua- 
oo The Diſtance between any two Parallels on 
the ſame fide of the Equator, is equal to the Diffe- 
rence. of the Sums of all the Secants contained be- 
tween the Equator, and each of the Parallels. | 
4. The Diſtance, between any two Parallels on 
contrary Sides of the Equator, is equal to the Sum 
of the Sums of all the Secants contained between 
the Equator, and each Parallel. 
4. Now ſince it has been ſhewn, that in this Pro- 
1 0 the Diſtance of each Point of the Meridian 
from the Equator, is equal to the Sum of all the 
Secants contained between it and the Equator : tis 
plain that by a continual Addition of the Secants, 
beginning at the Equator, we ſhall have the Di- 
| every particular Point in the Meridian 
from the Equator, which Diſtances collected toge- 
ther form the Table, commonly called 4 Table of 
Meridional Parts, which is annexed to the End of 
this Section, and in which you may obſerve that the 
top Column contains, the Degrees, and the left 
Hand Gde Column the Minutes; the other Columns 
contain the meridional Parts anſwering to theſe Ne- 
grees and Minutes. There is alſo upon Gunter*s 
Scale, a Line of meridional Parts, marked Mer. 
which ſhows the Diſtance of each Point of the Meri- 
dian from the Equator. 

5. By either of theſe, viz. the Table of meri- 
dional Parts, or the meridian Line upon Gunter”s 
Scale, may a Mercator*s Chart be conſtructed. Thus 
for Example, let it be required to make a Chart 
that ſhall commence at the Equator, and reach to 
the Parallel of 60 Degrees, and ſhall contain 89 
Degrees of Longitude, 


Draw 


— 
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D the Line E Q. repreſenting the Epualpr; 
(fee Plate 1.) then take from any convenient Line 


of equal Parts, 4800 (the number of Minutes con- 


tained in 80 Degrees) which ſet off from E to Q. 
and this will determine the Breadth of the Chart. 
Divide the Line E Q into eight equal parts, in 
the Points 10, 20, 30, Sc. each containing 10 De- 
grees, and each of theſe divided into 10 equal parts 
will give the ſingle Degrees upon the Eguator; then 
thro? the points E, 10, 20, &c. drawing Lines per- 
pendicular to E Q, theſe ſhall be Meridians. | 
From the ſcale of equal parts take 4527.4 (the 
meridional parts anſwering to 60 Degrees) and ſet 
that off from E to A and from Q to B, and join 
AB}; then this Line will repreſent the Parallel of 
60, and will determine the length of the Chart. 
Again from the ſcale of equal parts take 60g. 7, 
(the meridional parts anſwering to 10 Degrees) and 
ſer that off from E to 10 on the line E A, and thro? 
the point 10 draw 10, 10, parallel to E Q, and this 
will be the Parallel of 10 Degrees. The ſame way 
ſetting, off from E on the line E A, the meridional 
parts anſwering to each Degree, &c. of Latitude, 
and thro? the ſeveral points drawing lines parallel to 
E C. we ſhall have the ſeveral Parallels of Latitude. 
If the Chart does not commence from the Equa- 
tar, but is only to ſerve for a certain diſtance on the 
Meridian between two given Parallels on the ſame 
fide of the Eguator; then the Meridians are to be 
drawn as in the laſt Example, and for the Parallels of 


Latitude you are to proceed thus ; viz. from the 


meridional parts anſwering to each point of Lati- 
tude in your Chart, ſubtract the meridional parts 
anſwering to the leaſt Latitude, and ſet off the dit- 


' ferences ſeverally, from the Parallel of leaſt Lati- 


tude, upon the two extream Meridians, and the 


lines joining theſe points of the Meridians ſhall re- 


preſent the ſeveral Parallels upon your Chart. 
Thus 
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Thus let it be required to draw a Chart that ſhall 
ſerve from the Latitude of 20 Degrees North, to 
60 Degrees North, and that ſhall contain 80 De- 
grees of Longitude, _ - "ey 4 5 
Having drawn the Line DC to repreſent the 
Parallel of 20 Degrees (ſce Plate x.) and the Meri - 
dians to it, as in the foregoing Example; ſet off 
663.3 (the difference between the meridional Parts 
anſwering to 30 Degrees, and thoſe of 20 De- 
grees) from D to 30, and from C to 30; then join 
the points 30 and 30 with a right Line, and that 
ſhall be the Parallel of 30. Allo ſet off 1397.6 (the 
difference between the meridional Parts anſwering 
to 40 Degrees, and thoſe of 20 Degrees) from D 
to 40, and from C to 40, and joining the points 
40, and 40 with a right Line, that ſhall be the 
Parallel of 40. And proceeding after the ſame. 
Way, we may draw as many of the intermediate 
Parallels as we ſhall have occaſion for. 

But if the two Parallels of Latitude that bounds 
the Chart, are on the contrary ſides of the Equator ; 
then draw a Line repreſenting the Equator, and 
Meridians to it, as in the firſt Example; and from 
the Equator ſet off on each fide of it the ſeveral 
Parallels contained between it and the. given Pa- 
rallels as above, and your Chart is finiſhed. 
VM. B. Here you muſt notice; that in all Charts, 
the upper part is the North Side, ard the lower part 
or bottom is the South Side; alſo that part of it to- 
wards the right Hand is the Eaſt, and that towards 
the left Hand the Ye Side of the Chart. bit: 

6. Since according to this Projection, the Meri- 
dians are parallel right Lines; tis plain, that the 
Rumbs which form always equal Angles with the 
Meridians, will be ſtreight Lines; which Property 
renders this Projection of the Earth's ſurface much 
more eaſy and proper for Uſe, than any other. 


Q 7. This 


— 
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7. This method of projecting the Earth's ſurface 
upon a Plane, was firſt invented by Mr Edward 
Wright, but firſt publiſned by Mercator; and hence 
the failing by the Chart, was called Mercator”s failing, 

8. Ia the annexed Scheme, let A and D repre- 
ſent two places upon the ſurface of the Globe, AC 
the Meridian of A, and A D the Rumb Line be- 
tween the two places; throꝰ D draw DB perpendi- 
cular to A C, and this will be the Parallel of Lati- 
tude of the place D; from A ſet off upon the 


* 


Meridian, the length A C, equal to the Meridional 
or inlarged Difference of Latitude, and thro” C draw 
CE parallel B D meeting A D produced in E; 
then A B will be the proper Difference of Latitude, 
and A C the inlarged Difference of Latitude, or the 
Difference of Latitude according to © Mercator”s 
Chart, between the places A and D: CE will be 
the Difference of Longitude, and B D the Departure, 
alſo A D will be the proper Diſtance, and A E the 
anlarged, or according to Mercator's Chart, and the 
Angle BA D will be the Courſe. | * 


9. Now 
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. Now ſince in the Triangle ACE, BD is pa- 
ral to one of it's ſides CE; *tis plain the Trian- 
les ACE, ABD will be — and conſequent- 
5 ſides proportional (by Art, 74+ Sect. .) Hence 
ariſes the Solutions of the ſeveral ga i in this lail- 
ing, which are as follows. 


CASE. 


\ The Latitudes of two Places given, to find the meri- 
dional or inlarg'd Difference of Latitude between them, 


Of this Caſe there are three Varieties, vig. either 
one of the places lies on the Equator, or both on 
the ſame ſide of it; or laſtly on different ſides. 
1. If one of the propoſed places lies on the Equa- 
tor, then the meridional difference of Latitude, i 
the ſame with the Latitude of the other Place, taken 
from the Table of meridional Parts. 


From ple. 


Required the meridional difference of Latitude be- 
tween St Thomas, lying on the Equator and &. An- 
tonio in the Latitude of 17, 20! North. I lock in 
the following Table for the meridional Parts an- 
ſwering to 17, 200, and find it to be 1056,2, the 
inlarg'd difference of Latitude required. 
2. If the two propoſed places be on the ſame ſide 
of the. Equator, then the meridional, difference of 
Latitude is found by ſubtracting the meridional 
Parts anſwering to the leaſt Latitude, from thoſe 
| anſwering to the greateſt, ' and the Gilterence is that 
required. | 


2 i | | Example. 


— 
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Example. 


Required the meridional difference of Latitude 
between the Lizard in the Latitude of 509, oo! 
North, and Antegoa, in the Latitude of 17% 30“ 
North. i 

From the meridional parts of 50% oo! 3474.5 
ſubtract the merid. parts of 17%, 30! 1066.7 


there remains — — — — 2407.8 
the meridional difference of Latitude required. 


3. If the places lie on different  fides of the E- 


or, then the meridional difference of Latitude 
is found by adding together the meridional 
anſwering to each Latitude, and the Sum is that re- 


| Example. 


Required the - meridional difference of Latitude 
between Antegoa, in the Latitude e 30 / North, 
and Lima, in Peru, in the Lati a 30 
South, 2 
To the © coo" aha anſwering to 17, 3o! 1066.7 

add theſe anſwering to — 12 , 30 — 736.1 
the Sum i — — '— — — 1822.8 
the meridional difference of Latitude required. 


CASE. 2. 


The Latitudes and Longitudes of two Places given, 
to find the diref? Courſe and Diſtance between them. 


Example, 
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Example. 


Required to find the direct Courſe and Diſtance 
between the Lizard, in the Latitude of 509, oo! 
North, and Port- Royal in Jamaica, in the Latitude 
of 17%, 40! ; differing in Longitude 70, 46!, Port. 
Royal lying ſo far to the Weſtward of the Lizard, 


Preparation. 


From the Latitude of the Lizard — 50, oo 


ſubtract the Lat. of Port-Royal — — 17, 40 


and there remains. — — — — 22 , 20 
equal to 1940 Minutes, the proper difference of 


Then from the merid. parts of 50?, oo! — 3474.5 
ſubtract thoſe of — — 17 , 40 — 1077.2 


and there remains — — 2 


2 
the meridional or inlarged difference of Latitude. 


Ceometricaly. 
' Draw the Line A C repreſenting the Meridian of 


the Lizard at A, and ſet off from A, upon that 
| Q 3 Line, 
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Line, AE equal to 1940 from any ſcale of equal 


parts) the proper difference of Latitude, alſo AC 


equal to 2397.3 (from the ſame ſcale) the meridional 
or anlarg*d difference of Latitude. Upon che point 
C raiſe CB perpendicular to A 4 og make CB 
equal to 424 Fe Minutes of Aicrente! of- Longi⸗ 
tude. 

Jein A B. AE thro? E ame ED parallel o BCI 
ſo the Caſe is conſtructed, and A D applied to the 
ſame ſcale of equal parts che other Legs were taken 
from, will give the direct Diſtance, and the An- 
gle D A E- meaſured bye the —_ of Chords will 
— 2 L 10 12d . 


- ——ů — — 


MY EVE Xl 1 


10 + 


For the * of the Courſe E A D i will be 


* N 4. of n ＋ TIgOnOmelr g. 


Ac ch R. T. BAC. 5 | 


As the meridional diff. of Lat. 2 47% 3 3. 37050 
is to the Diff. of Long.” —— 4246.0 3.62798 
ſo is Radius —rñfñ — — 10.00000 


to the Tang. of the direct Courſe 609, 33! 10.34828 


which becauſe Port-Royal* is Southward of the Ti- 
zard, and the difference of Longitude Weſterly, 
will be South bo", 33! Weſt, or SW W + Weſt 


| * y. 


Then for the Piftimce AD, it will be, by Cafe 2. 
of Refangular T; mn. 


R: AE Sec. A: A D. f. . 


As the Radius —>, = 10.00000 
is to the proper diff, of Lat. 1940 — 3.28780 


U = tie of the Courſe” 602,33! \--20. 30833 
2 | 10 


82 


to the Diſtance — — 3945.6 — 3.89613 


conſequently the direct Courſe and Diſtance” be- 
- tween the Lizard, and Port-Royal in Jamaica, is 
South 60%, '33! Welt, 3945.6 Miles. | 


o ASE. z. 


© Courſe and Diſtance ſailed given, to find Difference 
of Latitude and Ke . of be, IE: 


Example. 
Suppoſe a Ship from the Lizard in the Latitude 
of 30, oo North, ſails South 35, 40! Weſt 156 


Miles. Required the Latitude come to, and how 
much ſhe has altered her Longitude. | 


Geometrically. 


1. Draw the line B K repreſenting the Meridian 
of the LE at B; from B draw the line B M, 


B 
| 


K 


a y D 


1 with B K an An ole equal to 25%, 400, and 


_ this line ſet off BM equal to 156 the given 
Diſtance, 


Q 4 
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Diſtance, -and from M let fall the perpendicular 
M K upon B K. 

Then for B K the proper difference of Latitude, 
it will be, by Caſe 3. of Reelangular Trigonometry. 


R: MB:: S. BMK: BK. 


1. e. As Radiu—— — ? .10.00000 
is to the Diſtance — — 156. — 2.19312 
ſo is the Co-fine of the Courſe 35% 40! 9.90978 
to the proper diff. of Lat. 127 — 2.10290 


equal to 2, 07/, and ſince the Ship is ailing from 
a North Latitude towards the South, therefore the 
Latitude come to will be 47%, 53/ North. Hence 


the meridional difference of Latitude will be 193.4. 


2. Produce BK to P, till BD be equal to 193.4 ; 
thro? D draw DL parallel to M K, meeting D M 
produced in L; then DL will de the difference 
of .Longitude : to find which by Calculation; it will 
be, by Caſe 1. of Reffangular Trigonometry. 


R:BD::T. LBD: DL. 


1j. e. As Radius —  — — — — 10.00000 
is to the meridional diff. of Lat. 34 - 2 28646 
fo is the Tangent of the Courſe 35%, 40! 9.35594 
to Min. of Diff. of Long. — 138.8 2.14240 


* equal to 2, 18 48“ the difference of Longitude 


the Ship bas — Weſterly. = 


= 


CAS E 4. 
Given, Courſe and both Latitudes;' viz. the Latitude 


| ſailed from, and the Latitude come to, to find the Di- 


* 15 we” the 1 of . tude. 


— — — — 


5 2 5 — 
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Example. 


Suppoſe a Ship in the Latitude of 54, 20 
North, fails South 330, 45! Eaſt, until by Obſer- 
vation ſhe is found to be in the Latitude of 519, 45! 
North. Required the Diſtance failed, and the dit- 
ference of Longitude. - 7 115 


Geometrically. 


Draw A B, to repreſent the Meridian of the Ship 
in the firſt Latitude, and ſet off from A to B 155, 
the Minutes of. the proper — 
difference of Latitude, alſo A 
AG equal to 257.9 the Mi- 
nutes of the inlarged Diffe- 
rence of Latitude. Thro* B 
and G draw the Lines BC 
and G K perpendicular to 
AG; alſo draw A K mak- 
ing with A Gan Angle of 23? 
45 which will meet the two 8 
former Lines in the points C 3 80 
and K; ſo the Caſe is con- G K 
ſtructed, and A C and G K may be found from the 
line of equal parts, to find which 


| 


By Calculation. 


Firft, For the difference of Longitude it will be, 
by Caſe 1. of Refangular Trigonometry. 
R:AG::T. GAK:GK. 


i. e. As Radius — '— — -— > ' 10,00000 
zs to the inlarged diff, of Lat. 257.9 — * 


5. e. As Radius 
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ſo is the Tang. of the Courſe 33 45! 9.8248 
to min. of Diff. of Longit. 172.3 — 4 6 


to2®, 52!, 18/), the difference of 2 
the Vip" has made Eaſterly. f 


This might alſo have been found, by Sil find- 


ing the Departure B C (by Caſe 2 of Plain _— 
and then (by Art. 74. Sect. 1.) it would be 


AB: BC:: AG: GK. The difference of 
1 required. 


Then for the direct Diflance A C, it « will = by 
Cafe. 2. of en with Ti Tigenometry. 1 


R: 15 Sec. A: ac.” 

WT — idee 
if. of Lat. 165 1219033 
the Courſe 33 „ 45“ 1008019 
nce — 186.4 — 2.27048 


is to the proper 
ſo is the Secant 


 conſphuently the Ship has failed South 33, 45 


Miles, —3 has differed her ae 
ade 2% 52, 8 ent, 


ou nul: CASE 5. 


Both Lalitudes, and Difence failed, — to ad 
the direct Courſe, and Difference of Longitude. 


Ll Example. 3 
Suppoſe a Ship from the Latitude de! 4 26! 

North, fails between North and Eaſt. 195 Miles, 

and then by Obſervation ſhe is found to be in the 


Latitude of 48% O6 North. Required the direct 
Hoc and difference of Longitude. NK 


Geometricalh. 


| by cator”s Sailing q 
| 'Geometrically. - 
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Draw A B equal to 169 the proper difference of 
Latitude, and from the point B . the per- 


pendicular B D; then take 


195 in your Compaſſes and 1 - 
£4 ( | 
A, with the other croſs the B — 


ſetting one foot of thetn/in 


line BD in D. . Produce , 


* till AC be equal to 
233.6 the inlarg'd difference 


* 
\Þ 


of Latitude. Thro' C draw 
CK parallel to B D, meet- 
ing A D produc'd in K; ſo 
the Caſe is conſtructed, a 


the Angle A may be mea- X 


Nee K 


Ko 


ſured by; the line of Chords, and C K "a the lige 


of equal parts. Ip find which 
By Calewation. 


Firſt, For the Angle of the Toure BAD it will 
10 * {4.9 „ eee, Trigonometry.) 


"AR; R. APD: a 


> 


| FO proper Diff. of Lat. 150 — 2.20412 


is to Radius — — — . 


41 


ſo is the Diſtance— — 1 5 


| to the Sec. of the Courſe. 


— 10.00000 


95 NT. SSITO3 
34%, 52! 10.0891 


| which, becauſe the Ship is failing between North 
Faſt, will be North 34” $7 Eaſt, i 8 


| | 1 2300" Raſterly, 


Then or the Anse of N it will be, 


(by * 100 ou ——— 7 er 


"Il 
i i 
% 2 


Rt 


- = 
28 — — — 
* = * - .. 
= * — 4 


= 1 6 N 
"LT mn a - 


= 


- — . - - — - — — — — — - - m—— — 2 
128 . , WT - | td * ”4 * v 
4 . = , } > 1 3 * = 7 
. 2 : = > 2 * . * 2 


- 


2 —— < — — 4 4 


. 4 * 1 
* 


DE 
{al 
£ TT ” 


= AC 4, ALISA Aer rus 
7 < = - = = _ 
* A * "> * — 
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R: AC:: T. A: CK. 
1. e. As Radius — — — — — , 10,00000 
is to the merid, diff. of Lat. 233.6 — 2.36847 


ſo is the Tang. of the Courſe 34*, 52/ 9.8430 
to min. of diff. of Long. 162.8 — 12 44 


_— 2*, "1546 48"), the Cifference of Longi- 


CASE 6. 


One Latitude, Courſe, and Difference of Lon tude, 
given, to find the other Latitude, and DW ailed, . 


Suppoſe a Ship from Mie Latitude of #489, go! 


North, fails South 34, 40! Welt, till her diffe- 
rence of Longitude is 2®, 44/. Required the Lati- 


made come to, and the Diſtance ſailed. 


En Geometrically. 


. Draw AE to repreſent the Meridian of the 
in the. firſt Latitude, and make the Angle 

"8 EAC equal to 34, 40/ 
the Angle of the Courle ; ; 
then draw F C parallel to 
AE, at the diſtance of 164 
| the Minutes of difference 
of Longitude, which will 
meet AC in the point C. 
From C let fall upon AE 
p the ndicular CE; then 
AE will be the inlarged dif- 
f ference of Latitude. To find 
E which, by Calculation it will 
85 by Caſe 1. of Reftangulor Trigonometry, 1 


7 


„ren 


- 
= 
* 
* 


0 
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T. Ae RTI: CEZRAE. 


i. e. As the Tang, of the Courſe 349, 40 9.83984 
is to the Radius — — — — 10 00000 
ſo is min. of diff. of Long. — 164 — 2.21484 
to the inlarged diff. of Lat. 237.2 — 2.37500 


and becauſe the Ship is ſailing from a North Lati- 
tude Southerly, Therefore, 


From the merid. parts of 


7 


the Latitude failed from 1 48%, gol, — 3366.9 


take the merid. diff. of Lat, — — — 237.2 
and there remains. 3129.7 


the meridional parts of the Latitude come to, viz. 
46, o9/. 


Hence for the proper difference of Latitude, 


From the Latitude . from — 48, gol N 
take the Latitude come to —— 446 „og N 


and there remains — — — — 2, 41 


equal to 161, the Minutes of difference of Lati- 
tude. | 


2. Set off upon AE the length A D equal to 


161 the proper difference of Latitude, and thro* D 
draw DB parallel to C E; then AB will be the direct 
Diſtance. To find which, +y Calculation it will be, 
by Caſe 2. Rectangular Trigonometry, 


R: AD: : Sec. A: AB. 


1. e. As Radius — — — — — 10.00000 
is to the proper diff. of Lat. 161 — 2.20683 
ſo is the Sec. of the Courſe — 34, 40 1008488 
e the * Diſtance — 195.8 — 2.29171 

C A8 
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A CABS:E7 5.“ 


One Latitude, Courſe,” and and Departure given, to find 
the otber Latitude, a a 447 wo Di I of 
> corel 5 


Doe en Example. 


Suppoſe a Ship fails from the Latitude of * 
36 North, South 42% 23! Eaſt, until ſhe has 
made of Departure 116 Miles. Required the Lati- 
tude ſhe is in, her direct Diſtance ſailed, and how 
much — has altered = Longitude. 


Gemetricalh, 


1. Having drawn the Meridian AB, make the 
Angle BAD equal to 42, 33. Draw FD pa- . 


A. 


— 


” 
= 
CELL EEE 
* 


Md: Abd Dante er r160rwhido Will 


meet A D in D. Let fall upon A B the perpen- 

s. ai den be the proper diffe- 

| rence 
2 


* 


by 
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rence of Latitude, and A D the direct Diſtance, 
to find which, Calculation; firſt, for the Diſtance 
AD it will be, by Caſe 2. Refangular Trigonometry. 

8, A: BD: R. A D: 


. - * 
"PF; 


1. 1 Sine of che Coeds 429 ; ar 9.83010 


is to the Departure — 116 — 2.06446 
ſo is Radius — — — — 1000000 
to the direct Diſtance — 171.5 — 2.23436 


Then for the proper Aifference of Latitude it will 
be, by Caſe 1. of Refangular T; S r a | 


T. A:BD: R= AB. 


i. e. As the Tang. of the Courſe 42, 33' 9.9628x 
is to the Departure — — 116 — 206446 
fo is Radius —| — — — — 10.00000 
to the proper diff. of Lat. 126.4 — 2:10165 


equal to 29, 6, conſequenti the Ship has come 
to the Latitude of 52, 30“ North, and fo the 
meridional difference of Latitude will be 2 12.2. 


2. Produce AB to E, till AE be equal to 
212.2; and through E draw EC parallel to BD, 
meeting A D produced, in C; Then E C will be 
the difference 15 Longitude, to find which, by 


Calculation it will be, by Caſe 1. of Refangular 
Trigonometry, . 


R:AE::T.A:EC. 


i. ee As Radius ,— —  — — — 1000000 
is to the merid, diff. of Lat. 212.2 —\ 2, 32675 
ſo is the Tang. of the Courſe 42%, 33% 9.96281 
to the min. of diff. of Long. 194.8 — 2:28956 


equal to 3, 14, 48/!, the en N of 1 
tude RI | | 


j \ 
= 
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This might have been found otherwiſe ; thus, 
becauſe the Triangles ACE, ADB are ſimilar, 
therefore (by Art. 74. Set. 1.) it will be 


AB:BD::AE:EC. 


i. e. As the proper diff. of Lat. 126.4 - 2.1016; 
is to the Departure - 116. - 2.06446 
ſo is the inlarged diff. of Lat. 212.2 2.32675 
do min. diff. of Long. - - 194.8 - 2.28956 


CASE 8. 


Biorb Latitudes and Departure 5 to find Courſe 
Diſtance, and A" of Longiude 


Example 


lin a Ship * the Latitude of 469, 20/ 
North, fails — hor South and Weſt, till ſhe has 
made of Departure 126.4 Miles; and is then found 
by Obſervation to. be in the Latitude of 43®, 35! 

orth. Required the Courſe and Diſtance failed, 
and difference of RT 


Reg. Geamttricalh. 


* A K to repreſent the Meridian of the Ship 
in her firſt Latitude, ſet off 

A upon it AC, equal to 165, 
the proper difference of Lati- 
tude, Draw B C perpendi- 
cular to A C, equal to 126.4 
the Departure, and join A B. 

| | —lc Set off from A, A K equal 
4 | to 233.3, the inlarged diffe- 

| 2 | | rence of Latitude, and thro' 
| x K K draw K D parallel to BC, 


meeting AB produced in D; fo. the Cafe is con- 
ſtructed, 
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ſtructed, and D K will be the difference of Longi- 
tude, AB the Diſtance, and the Angle A the 
Courſe ; to find which PEA 


Y Calculation. © 


Firſt, For DK the difference of Longitude, if 
will be (by Art. 74. See. 1.) | 


AC:CB::AK:KD. 


i. e. As the proper diff. of Lat. 168 — 2.21748 
is to the Departure — — 126.4 — 2.10175 
ſo is the inlarged diff. of Lat. 233.3 — 2.36791 
to min. of diff. of Long. — 178.7 — 2.25218 


equal to 22, 580, 420% the difference of Longi- 
tude Weſterly. 


Then for the Courſe it will be, (by cat. 4: of Reg. 5 
angular Trigonometty,) | 


AC:BC::R:T.A, 


1. e. As the proper diff. of Lat. 168 — 2.21948 
is to Departure — — 126.4 — 2.10175 
ſo is Radius  — — — — 1000000 
to the Tang. of the Courſe 37, 27' — 9.88427 


which becauſe the Ship fails between South and 
_ Weſt, will be South 37 27! Weſt, or SW3S 
5 307 n 


Laith. For the Diſtance AB, it will be, (by Cake 2 
27 Rattangular Trigonometry,) 


S. A:BC::R:AB, 


43 a | * 
. N R J. E. 


- 


a . * R wi 2 1 p 
Bp —————＋E SQ ES AS EE©TS SIE 9 4 = » 4 
DD — ——ů — — —a <o- -- 22 2 - us Sus 5 i — — — 


i 
— —— — 
— — _ = 


1 
| 

1 
1 
| 
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i. e. c 37%, „ - 2 
s to the Departure - 126.4 = 2.10175 
ſo is Radius - - - - - - - =, 10.00000 
to the direct Diſtance - 207.9 - 2.31780 


CASE g. 
Ons Ladet, Diftauce ſailed avi Dipertire tows, 


to find the other Z—_— Di e of Longitude and 
Courſe. | 


* 


Example. 


Spree a Ship in the Latitude of 489, 231 
North, fails between South and Eaſt 138 Miles, and 
has then made of Departure 112.6 Required the 
Latitude come to, the direct Courſe 0 difference 
of Longitude. 


* * 


1. Draw B D for the Meridian of the Ship at B, 
. and, parallel to it, draw 
FE, at the Diſtance of 
218. 6, the Departure. 
Take 1 38, the diſtance, 
in your Compaſſes, and 
fixing one point of them 
in B, with the other 


croſs the line F E in the 
A— point E; then join B 
and E, and from E let fall upon B D the perpen- 
dicular ED; ſo BD will be the proper difference 
of Latitude, and the Angle B, will be the Courſe; 
to find which, Caleulatian. 8 


Pop, 
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Firſt, For the Courſe it will be, (by Caſt g. of 
Redlouzular Triganometry) ) 4 


BE:R::DE: S.B. 


1. e. As the Diſtance — — 138 — 2.1 20808 
is to Radius — — — — — 1000000 
ſo is the Departure — — 112.6 — 2.05154. 
to the Sine of the Courſe — 34 4x! 9.91166 


which becauſe the Ship ſails between South and 
Eaſt, will be South 54“, '41/ Eaſt, * , 
417 Eaſterly. 


Then for the difference of Latitude i it will be, (by 
Caſe 3. of Rectangular Trigonametry) 


R: B E:: Co-S. B: BD. 


i. e. As Radius — — — — — 10.00000 
is to the Diſtance — — 138 — 2.13988 
ſo is the Co: ſine of the Courſe 34, 41 9.56200 
to the diff. of Lat. — — 79.8 — 1.90188 


equal to 19, 19]. Conſequently the Ship has come 
to the Latitude of 47%, 131. Hence the meridio- 
ke” difference of Latitude will be 117.7. 


2, Produce B to A, till B A be equal to 117.7, 
and thro* A draw A C parallel to DE, meeting 
BE produced in C; then A C will be the difference 
of e to find which, 5y Calculation it will 

be (by Art. 74. See. 1.) 


BD. DE: B A: AC. 


i. e. As the proper diff. of Lat. 79.8 — 1.90188 
zs to the Departure — — 112.6 — 2.05134 
ſo is the Inlarged diff. of Lat, 117.7 — 2.07078 
15 R 2 BY to 
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to the diff. of Long, — — 168.1 2.22044 


equal to 2, 46, 06/0, the difference of Longi- 
tude Eaſterly. 


9. From what has been ſaid, it will be eaſy to 
ſolve a Traverſe according to the Rules of Mercator's 
Sailing. * . 


Example. 


| poſe a Ship at the Lizard in the Latitude of 
go, oo! North, is bound to the Madera, in the 
Latitude of 32, 20! North, the difference of Lon- 
gitude between them, being 119, 40! the Weſt 
end of the Madera, lying ſo. much to the Weftward 
of the Lizard, and conſequently the direct Courſe 
and Diſtance (by Caſe 2. of this $2.) is South 26“, 
15! Weſt 1181.9 Miles; but by reaſon of the 
Winds ſhe is forced to fail on the following Courſes 
(allowance being made for Lee-Way and Varmtion, 
Sc.) viz. SS W 44 Miles, S W Weſt 36 Miles, 
SWS 56 Miles, and 83 E 28 Miles. Required 
the Latitude the Ship is in, her Bearing and Diſ- 
tance from the Lizard, and her direct Courſe and 
Diſtance from the Madera, at the end of theſe Courſes. 

The Geometrical Conſtruction of this Traverſe, is 

formed by laying down the two Ports accord- 
ing to Conſtruction of Caſe 2. of this Se, and the 
ſeveral Courſes and Diſtances according to Caſe 3. 
* we have the following Solution by Cal- 

ion. 


I. Courſe. SS W, Diſtance 44 Miles, 
For Difference of Latitude, 


l 


As Radius — — — — 10.00000 
is to the Diſtance — — 44 — 1.04345 
| 90 


1 
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ſo is the Co- ſine of the Courſe 22%, 30 9.96562 
to the diff. of Lat. —— 40.65 — 1.60907 
and ſince the Courſe is Southerly, therefore the 


Latitude come to will be 49, 20! North, and 
conſequently the meridional difference of Latitude 


will be 61.8. Then | 
For Difference of Longitude, 


As Radius — — — =— — . — 10:00000 
is to the inlarged diff. of Lat. 61.8 — 1.79099 
ſo is the Tang. of the Courſe 22%, 30! 9.61722 
to min. of diff. of Long. — 25.6 — 1.40821 


2, Courſe 8 W + Weſt, Diſtance 36 Miles. 
For Difference of Latitude. | 


As Radius — — — — — — 10.00000 
is to the Diſtance — — 36 — 1.55630 
ſo is the Co- ſine of the Courſe 16°, 52! 9.98090 
to the diff. of Latitude — 34.46 — 1.53720 


and ſince the Courſe is Southerly, therefore the 
Latitude come to will be 489, 45!. Hence the 
meridional difference of Latitude will be 53.4 


Then, | 
For the Difference of Lon gitude. 


As Radius — — — — — — 10.00000 
is to the inlarged diff. of Lat. 53.4 — 1.72754 
ſo is the Tang. of the Courſe 16, 52! 9.48171 
to the diff. of Long, —— 16.19 — 1.20925 


3. Courſe SW 4S, Diſtance 56 Miles. 
For Difference of Latitude, 


e As 
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As Radius — — — H — | — * 10.00000 
is to the Diſtance — — 56 — 1. 74819 


ſo is the Co · ſine of the Courſe 33, 45! 9.91985 
to the diff. of Lat. — — 8.5 — 1.66804 


conſequently the Latitude come to is 4%, 
and therefore the inlarged difference of Lane 
will be 69.2. Then 


For Difference of Longitude. 


As Radius — ' —— ? — — o. ooo 
is to the inlarged diff. of Lat. 69.2 — 1.84011 
ſo is the Tan We the Courſe 3 3877 45! — 9.82489 
to the diff. of 1 Long. 46.24 — 1.66500 


4. courſe S5 E, Diſtance 28 Miles. 
For. Difference of Latitude.. 


As Radius — — — — .— 10.00000 
is to the Diſtance —- — A — — 1.44716 
ſo is the Co: ſine of the Courſe 119, 15! — 9.99157 
to the diff. of Lat, —— 27.46 — 1.43873 


conſequently the Latitude come to will be 47*, 31“. 
and hence the meridional e. of Latitude 
will be 43.2. Then 


For difference of Lang. 


r lo. ooo 
is to the inlarged diff. of Lat. 4 43.2 — 1.63548 
ſo is the Tang, of the Courſe 11, 131 9.29866 
to the diff. of Long, —— 8.59 — 0.93414 


Now theſe ſeveral Courſes and Diſtances, toge- 
ther with the difference of Latitude and Longitude 
belonging to each of them, being ſet down iti their 
proper Columns in the 7. — Table, will ſtand 
as follows. 

Courſe 


Mercator's Sailing. 


wh. Dif. . 

8 W 44 | 40.65 26.0 | 
1S4W4W 36 34.465 — . 
S W338 56 46.56 1 46,24 | 
SbE 28- 27.46 | 8.59 [— | 


1 Diff. of Lat. 149. 13 | 8.59 $8.03 
J.. 8. 


— 
Pf: of Long. 79:44] 


— 


Hence it is 8 that the Ship has made of 
Southing 149.13 Minutes, and conſequently has 
come to the Latitude of 47, 31/ North, and fo 
the meridional difference of Latitude between that 
and her firſt Latitude will be 226.1; and ſince ſne 
has made of difference of Longitude 79.44 Minutes 
Weſterly; therefore for the direct Courſe and Di- 
ſtance between the Lizard and the Ship, it will be, 


(by Caſe 2. of this Section) 
F or the direct Ps 


As the merid. diff. of Lat. 226.1 — 2.35430 
is to Radius — — — —— — 10.00000 
ſo is the diff. of Long. — 79.44 —— 1.90004 
to the Tang. of the Courſe 199, 221 — 9g.54574 


which becauſe the difference of Latitude is Souther- 
ly, and the difference of Longitude Weſterly, will 
be South 199, 22! Weſt, or S W 8e, oj! We- 


ſterly. Then | 
For the direct Diſtance. 


As Radius — — — — — — T0.00000 


is to the proper diff. of Lat. 149.13 — 2.17349 
ſo is the Sec. of the Courſe 199, 22! 10.02530, 
TAS Uroet Diſtance — 158 -— 2.19879 

R 4 | From 


mo a 
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From the Latitude the Ship is in - 4%, 21! N 
ſubtract the Lat. of the . 32 , 20 N 


and there remains  — — — 15 „ 11 
equal to 911 Minutes, the 


Latitude between the Ship an 
Again from the merid. parts anſwer- 248 
ing to the Lat, the Ship is in 73 
Take the meridional parts anlwering 3 
to the Latitude of the Madera — 


and there remains. —— — — 23 1196.4 
the inlarged difference of Latitude between the 
Ship and the Madera. 


Alſo, From the diff. of Long. | 
- between the Liz. and the 2 11%, 40 W 


Take the difference of Long. 1 1 4, W 
between the Lizard and the Ship » 19750, 


and there remains — — — 10, 202 W 


equal to 620.56 Minutes of difference of Longi- 
tude between the Ship and the Madera Weſterly. 


Then for the direct Courſe and Diſtance between 
the Ship and the Madera, it will be 


For the direct Courſe, 


As the merid. diff. of E 1196.4 3.07788 
is to Radius — — — — 10.00000 
ſo is the diff. of * — 620.56 — 2.79278 
to the Tang. of the Courſe 27, 25! — 9.71490 


For the. direct en 


As Radius — — —— — — — 10.00000 
is to the proper diff, of Lat. 911 — 2-95952 
5 fo 
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ſo is the Sec. of the Courſe 27, 25! . 10.05174 
to the direct Diſtance —— 1027 — 3.01126 


10. It is very common in working a Day's Rec- 
kaning at Sea, to find the Difference of Latitude 
and Departure to each Courſe and Diſtance, and 
adding all the Departures together, and all the Dif- 
ferences of Latitudes for the whole Departure and 
difference Latitude made good that Day; from 
thence (by Caſe 8. of this Section) to find the diffe- 
rence of Longitude, &c. made good that Day. Now 
that this method is falſe, will evidently appear, if 
we conſider that the ſame Departure reckoned on 
two different Parallels will give unequal differences of 
Longitude ; and conſequently when ſeveral Depar- 
tures are compounded together and reckoned on the 
ſame Parallel, the difference of Longitude reſult- 
ing from that, cannot be the ſame with the ſum of 
the differences of Longitude reſulting from the ſeve- 
ral Departures on different Parallels; and therefore, 
I have choſen in the laſt Example of a Traverſe, to 
find the difference of Longitude anſwering to each 
particular Courſe and Diſtance, the ſum of which 
muſt be the true difference of Longitude made good 
by the Ship on theſe ſeveral Courſes and Diſtances. 

11. We ſhewed at Art. 5. of this Section, how to 
conſtruct a Mercator*s Chart, and now we ſhall pro- 
ceed to it's ſeveral Uſes ; contained in the following 
Problems. 

Prob. 1. Let it be required to lay down a place 
upon the Chart, it's Latitude, and the difference of 
Longitude between it, and ſome known place up- 
on the Chart being given. 

Example. Let the known place be the Lizard, lying 
on the Parallel of 50%, oo! North, and the place 
to be laid down 8S/ Katherines, on the eaſt Coaſt of 
America, differing in Longitude from the Lizard 
42, 36's lying fo much to the Weſtward of 12 

t 
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Let L repreſent the Lizard on the Chart, (ſee 


Plate 1.) lying on the Parallel of 50%, 00! North 


it's Meridian A E. Set off from E upon the Equa- 

tor EQ 422, 36“, towards Q, which will reach 
from E to F. Tho F draw the Meridian F G, 
and this will be the Meridian of St Katberines; then 
ſer off from Qto H upon the graduated Meridian 
QB, 28 Degrees; and thro* H draw the parallel 
of Latitude HM, which will meet the former 
Meridian in K the place upon the Chart required. 

Prob. 2. Given two places upon the Chart, to find 
their difference of Latitude and difference of Longi- 
tude. 

Thro? the two places draw parallels of Latitude; 
then the Diſtance between theſe parallels numbered 
in Degrees and Minutes upon the graduated Meri- 
dian, will be the difference of Latitude required; 
and thro? the two places drawing Meridians, the 
diſtance between theſe counted in Degrees and 
Minutes on the Equator, or any graduated parallel, 
will be the difference of Longitude required. 

Prob. 3. To find the bearing of one place from 
another upon the Chart. 

Example. Required the bearing of $87 Katherines 
at K, (ſee Plate 1.) from the Lizard at L. 

Draw the Meridian of the Lizard A E, and join 
K and L with the right line K L, then by the line 
of Chords meaſuring the Angle KLE, and with 
that entering the Table at Page 156, we ſhall have 
the thing required. 

This may alſo be done, by having Compaſſes 
drawn on the Chart (ſuppoſe at two of it's Corners) 
then lay the edge of a Rular over the two places 
and let fall a perpendicular, or take the (neareſt 
diſtance, from the center of the Compaſs next the 
firſt place, to the Ruler's edge; then with this di- 
ſtance in your Compaſſes fide them along by the 


* edge, keeping one foot of them cloſe ” 
the 
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the Ruler, and the other as near as you can Judge 


perpendicular to it, which will deſcribe the Rumb 


required, 

Prob. 4. To find the Diflance between two given 

places upon the Chart. 

This Problem admits of four Caſes, according to 
the ſituation of the two places, with reſpect to one 
another, 

Caſe 1. When the given places lie both upon the 
Equator, _-. 

In this Caſe their Diſtance is found by converti 
the Degrees of difference of Longitude — 
between them into Minutes. 

Caſe 2. When the two places lie both on the 
ſame Meridian. 

Draw the Parallels of thoſe places, and the De- 
grees upon the graduated Meridian, intercepted be- 
tween W Parallels, reduced to Minutes, give the 
Diſtance required. 

Caſe 3. When the two places lie on the ſame 
Parallel. 

Example. Required to find the Diſtance between 
the points K — N, (ſee Plate 1.) both lying on the 
Parallel of 28“, oo! North. Take. from your 
ſcale the Chord of 60, or Radius in your Com- 
paſſes, and with that extent on K N as a Baſe; 
make the J/oſceles Triangle KPN; then take from 
the line of Sines the Co-fine of the Latitude, or 
Sine of 60, and ſet that off from P to S and T. 
Join S and T with the right line S T, and that ap- 
plied to the graduated Equator will give the De- 
grees and Minutes upon it equal to the Diſtance 
which, converted into Minutes, will be the Diſtance 
required. 

The Reaſon of this is evident from Seti. 8. ſor it 
has been there demonſtrated, that Radius is to the 
Co-ſine of any Parallel, as the length of any Arch 
on the Equator, to the kagh of the ſame Arch * 
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that Parallel: now in this Chart K N is the Diſtance 
of the Meridians of the two places K and N upon 
the Equator, and fince in the Triangle PNK, ST 
1s el to KN, therefore PN: PT :: NK: TS. 
Conſequently T S will be the Diſtance of the two 
places K and N upon the Parallel of 28“. 

If the Parallel the two places lies on be not far 
from the Equator, and they not far aſunder; then 
their Diſtance may be found thus. Take the Di- 
ſtance between them in your Compaſſes, and ap- 

ly that to the graduated Meridian, ſo as the one 
E. may be as many Minutes above, as the other 
is below the given Parallel, and the Degrees and 
Minutes intercepted, reduced to Minutes, will give 
the Diſtance. ; | 
Or it may alſo be found thus. Take the length 
of a Degree on the Meridian at the given Parallel, 
and turn that over on the Parallel from the one 
place to the other, as oft as you can ; then as oft 
as that extent is contained between the places, fo 
many times 60 Miles will be contained in the Di- 
ſtance between them. 

Caſe 4. When the places differ both in Longitude 
and Latitude. $I. 

Example. Suppoſe it were required to find the 
Diſtance between the two places 2 and e upon the 
Chart, By, 

Prob. 2. Find the difference of Latitude between 
them, and take that in your Compaſſes from the 
graduated Equator, which ſet off on the Meridian 
of a, from à to ; then thro' þ draw bc parallel 
to de, and taking ac in your Compaſſes, apply it to 
the graduated Equator, and it will ſhow the Degrees 
and Minutes contained in the Diſtance required, 
which multiplied by 60 will give the Miles of 
Diſtance. | . 
The Reaſon of this is evident from Art. 8. of 
this Sec. for 'tis plain ad is the inlarged * 

O 
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of Latitude and 4+ the proper; conſequently 2 e 
the inlarged Diſtance and ac the proper. | 

Prob. 5. To lay down a place upon the Chart, 
it's Latitude and Bearing from ſome. known place 
upon the Chart being known; or (which is the 
ſame) having the Courſe and Difference of Lati- 
tude that -a Ship has made, to lay down the run- 
ning of the Ship, and find her place upon the 
Chart, | 

Example. A Ship from the Lizard in the Lati- 
tude of 50%, oo! North, fails SS W till ſhe has 
differed her Latitude 36, 40/. Required her place 
upon the Chart, | 

Count from the Lizard at L, on the 
Meridian downwards (becauſe the Courſe is Souther- 
ly) 36, 40/ to g; through which draw a parallel of 
Latitude, which will be the parallel the Ship is 
in; then from L draw a SS W line Ly, cutting the 
former parallel in f, and this will be the Ship's 
place upon the Chart. 

Prob. 6. One Latitude, Courſe, and Diſtance 
failed, given, to lay down the running of the Ship, 
and find her place upon the Chart. : 

Example. Suppoſe a Ship at à in the Latitude of 
20, oo North, fails North 37, 200, Eaſt 191 
Miles. Required the Ship's place upon the Chart. 
Having drawn the Meridian and Parallel of the 
place a, ſet off the Rumb line à e, making with 4 5 
an Angle of 37“, 20!, and upon it fer off 191 
from à to c; thro' c draw the parallel cb, and ta- 
king 4+ in your Compaſſes, apply it to the gra- 
duated Equator, and obſerve the number of De- 
grees it contains; then count the ſame number of 
Degrees on the graduated Meridian from C to 5, 
and through + draw the parallel þ e, which will cut 
ac produced in the point e, the Ship's place re- 
quired, | | 


Prob. y. 
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Prob. 7. Both Latitudes, and Diftance failed, gl- 
ven, to find the Ship's place upon the Chart. | 

Example. Suppoſe a Ship. fails from a, in the 
Latitude of 20*, oo! North, between North and 
Eaſt 191 Miles, and is then in the Latitude of 
45*, 00! North. Required the Ship's place upon 
the Chart. f N | | | J 
Draw de the parallel of 45, and fer off upon 
the Meridian of a upwards, @ þ equal to the proper 
difference of Latitude taken from the Equator or 


aduated Parallel. Thro' > braw 5c parallel to 
2 then with 191 in your Compaſſes, fixing one 
foot of them in @ with the other croſs 4 e in c. Join 
a and c with the right line ac, which produced will 


meet de in e the Ship's place required. 


Prob. 8. One Latitude, Courſe and difference of 
Longitude, given, to find the Ship's place upon the 
Chart, | | * | 
© Example. Suppoſe a Ship from the Lizard in the 
Latitude of 30%, oo! North, fails S W W, till 


her difference of Longitude is 42, 36. Required 
the Ship's place upon the Chart. | 


Having drawn A E the Meridian of the Lizard 


at L, count from E to F upon the Equator 429, 
26!, and thro' F draw the Meridian FG; then 

from L draw the S WSW line LK and where this 
meets FG, as at K, will be the Ship's place re- 
qyired. | 


Prob. g. One Latitude, Courſe, and Departure, 


given, to find the Ship's place upon the Chart. 


Example. Suppoſe a Ship at à in the Latitude of 


20% oo! North, fails North 37*, 2of Eaft, till 
ſhe has made of Departure 116 Miles. Required 
the Ship's place upon the Chart, © | 
Having drawn the Meridian of a, at the Diſtance 
of 116, draw parallel to it the Meridian & J. Draw 
the Rumb line ac, which will meet K! in ſome 
point c; then thro? c draw the parallel ch, and 


ab 
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6 0 will be the proper difference of Latitude, and bc 
the Departure. Take 43 in your Compaſſes and 
apply it to.the Equator. or graduated Parallel ; then 
Ak the number of Degrees it contains, my 
count ſo many on the graduated Meridian; from 
upwards to B. Thro* & draw the parallel be, which 
will meet 4 c produced in ſome point as e, which is 
the Ship's place upon the Chart. 
Prob. 10. One 3 4 Diſtance, and Departure, 
given, to find the Ship's place upon the Chart. 


Example. Suppoſe a Ship at 4. in the Latitude of 


209, oo! North, fails 191 Miles between North and 
Eaſt, and then is found to have made of Depar- 
ture 116 Miles. Required the Ship's place upon 
the Chart. 

Having drawn the Meridian and Parallel of the 
place a, ſet off upon the Parallel a equal to 116, 
and thro' „ draw the Meridian æ I. Take the gi- 
ven Diſtance 191 in your Compaſſes ſetting one foot 
of them in a, with the other croſs æ / in c, join ac, 
and thro' c draw the Parallel c; ſo c will be the 
Departure, and 49 the proper difference of Lati- 
tude; then proceeding with this as in the foregoing 
Problem, you'll find the Ship's place to be e. 

Prob. 11. The Latitude ſailed from, difference 
of Latitude and Departure, given, to find the Ship's 
place upon the Chart. 

Example. Suppoſe a Ship from à in the Latitude 
of 20, oo! North, fails between North and Eaſt, 
till ſhe be in the Latitude of -4.5?, 00! North, and 
is then found to have made of Departure 116 Miles. 
Required the Ship's place upon the Chart. 

Having drawn the Meridian of a, ſet off upon 
it from @ to b, 25 Degrees, (taken from the Equa- 
tor or graduated aralle]) the proper difference of 
Latitude, .then t ro b draw the Parallel be, and 
make þe Equal to 116 the Departure, and join ac. 
Count from the Parallel of 4 on the graduated 

Meridian 
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Meridian . to 5 25 Degrees, and thro' þ 
draw the Parallel be, which will meet 4c pro- 
duced in ſome point e, and this will be the place of 
the Ship required. | 
12. In Seck. 7. *tis plain that the terms Meridional 
Diſtance, Departure, and difference of Longitude, were 
ſynonymous, conſtantly ſignifying the ſame Thing ; 


which evidently followed from the ſuppoſition of 
the Farth's Surface being projected on a Plane, in 
Dich the Meridians were made 


parallel and the 
of Latitude equal to one another and to 
thoſe of the Equator. But ſince it has been demonſtra- 
ted (in this Sen) that, if in the projection of the 
Earth's Surface upon a Plane, the Meridians be made 
parallel, the Degrees of Latitude muſt be. unequal, 
fill increaſing the nearer they come to the Pole. 
It follows that theſe Terms muſt denote lines really 
different from one another. Difference of Longitude 
is defined at Art. 14. Set. III. Meridional Diſtance 
at Art. 3. Sef. VII. and Departure at Art. 8. of this 
Seion, 41 
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0 | R | _3 4 5 6-1 7 
n. Min. Min. Min.] Min. Min. | Min. Min. 


| 


o] 60.0|[120.0]180.1]240,2[300.4|360 7] 421.1 | 4 
1.0] 61.0|121,0]151.1|241.2{301.4| 361.7] 422.1 
” 2.0] 62.0[122,01182.-1] 242.2 302 4|362.7|423-1 
243-2 1303-4 [303-7 [424-1 
4.0] 64.0]124.0]184.1]244-2[304.4|364-7[425.1 
o 65.0]125-01185-I1] 245.2[305.4[365.7[420-1 | 4 
6,0] 66.0 126.01 86-1] 246.2[306.4|366.7|427.1 
7.0] 67.0 127.0187. 10247. 2305. 44367. 7428.1 
8.0] 68 01128.0]188.1] 248.2 0308.4 368,71429-1 
9.0] 69.029.011 89.1 242. 309.4 369 71430-1 490-7 
10 10.0] 70.0[130.01199-1}250.21310.4[370.71431.1 
It} 11.0] 71.031.091. 1]251!23114/371.7432.1 
112120 72.01132.01192-1]252.2[312.4|372.71433-1 
113 130 73.01133-0]1931] 253.2[313 4373.704342 
141 14-0]_74-01134 0194+ 11 254-21314 41374-71435-21 495-7 
15] 15.0] 75.0[135.01195-I]|255,21215.4] 375.81436.2 
16] 16,0] 76,01136.01196.1 +2 ap 1 * 378.8 * 
17] 17.0] 77. 0l137.0[19 7.1257. 2317.5 377.8438. 2 
18] 18,0] 78.0 138.0198.10258.2 318.5 378.8 439•2 
Ee e 2455 
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1 
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VI 
© 
o\ 
W 
© 
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OY 


3 
Min. 


210.1 
211.1 
2121 
213.1 
214-1 
215.1 
216.1 
217.1 
218.2 
220.2 
221.2 
222.2 
223.2 
224.2 


225.2 
1226.2 
227.2 
228.2 
229.2 


230. 2 
231.2 
232.2 
233.2 
234.2 
235.2 
236.2 


237.2 
238 2 


239.2 
Min. 


4 


Min. 
270.3 
271.3 
272.3 
273-3 
27443 
275-3 
2763 
277.3 
278.3 
279-3 
280.3 
281.3 
282.3 
283.3 
284.3 
285.3 
286.3 
287.3 
288.3 
289.3 
2993 
291-4 
292 4 
293-4 
294-4 
2954 
296 4 


297-4 
298.4 
299.4 


Min. 


4 


13 


—— — — 
= 
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| 
| 


9 | 10 | 11 |} 12 13 6 4 5 
Min. Min. Min.] Min.] Min.] Min. Min. 


542.2603. 1664. 1725.317808 848.5910 5 
543.3604. 1[666· 10726 4787.9 849.5 911.5 
544.3605. 1666. 1727.44 788.98 50.6912.6 
545-31606.1]667.1 [728.4 | 789-91851.61913-6 
546-3|607.1]658-11729.4| 790.9 852.6 914.6 


„ 


_ td „* 1 "x 
n ” 
- 
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: 


348.3609. 2 670.273 1.5793 0]854-71916.7 
549.3 610.267 1.2 732.5 794.0855. 7917.7 
550-3|611.2[672.2[733 50795·00856.8918.8 
— 4 612.2[673-21734-6 790.1 $57-8]919-8 


| 


0 Dl ty - 5 [&]© 


11|553-4|614-21675.31736.6] 798.11859.91921.9 
- 12[554-41015.31676,31737-6| 799-1[861,0]92249 
13]555:4|016.3]677-3|738-7| 800.2 862.0 923-9 
141556 4 617-31678.3 1739-7] 801.2[863.0|925-0 


15[557+4 618.3679. 4740.7 802.2864. 10926. o 


17 559.40620.3681.4742.8 804.3 866.1 928.1 
18 56045 | 621.3682. 4743-8 805.3867. 2929.1 


2052.5 [623.4J684.5745˙8 807.3 3 99.2 931.2 
21563 50624 4685.507469 808.48703932.2 
22 564.5 92544] 086.5 747.9 809 4|871-3|933-2 
231 56545 [026.4] 687.5[748.9] 810.4872 3934.3 
24150651027 41 225:517249.9] $11:41873.4[935.3 
25 567.61028.5] 689.6[751-0] 812.51874:4| 930.3 
26] 568.6]529.5] 690.6 7.5 240; 813.5875.419374 
27 569.6163051 691.653.0814. 876.5 938.4 

2 570.6063 1.5692.60754.0 815.5 877-5] 939-4 
a 
L 


571.61932-51693-6|755-1| 816 61878-59405 
' Min. | Min. | Min. Min.) Min. Min. | Min. 


El glwjuſiz | 13 | 14 | 15 


547.3|608.21669.21730.5| 792.0 $53.71915-7| 


10] 55244 [013.21 574-31735-6| 797-1]858-91 920-8]. 


16[558.4|019.3]680.4[7417| 803. 2865 1927.0 


 n9{ $615 [922-4 683.4 [744-8] 86.3868 2939.1 
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Min. 


14 


909-5, 971:7 


Min. 
15 


1009.2 
1010.2 
tor t.3 
tor z 3 


—¹ 


1014.4 


1015.4 


1016.5 
1017.5 


1018.5 
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— — 
— 


IO o le elle 


— EI. 


10 


78 
O 

+ 
2 
Ov 


.31 1098.2 
+3] 1999-3 


Min. 


18 
Min. 


1100.3 
1101.4 
1102.4 
1103.5 
1104.5 
1105.6 
1106.6 
1107.7 
1108.7 
1109.8 
1110.8 
1111.9 
1112.9 
1114.0 
1115.0 
1116.1 
1117.1 
1118.2 


1119.2 
1120.3 
1121.3 
1122.4 
1123.4 
1124.5 
1125.5 
1126.6 
1127.6 
1128.7 


| 


-—19 
in. 


1167.5 
1162. 

10678 
1164.7 
1 165.7 
1166.8 
1167.8 
1168.9 
1170.0 
1171.0 


1172.1 


1174.2 
1175.2 


1178.4 
1179-5 
1180.5 
1181.6 


+ AM 


1227.3 


I173-1 | 


1231.5 


1242.2 


1243-2 
1244-3 


1182.7 


1183-7 
1184.8 


1185.8/ 1249.6 


1186.9 
1188.0 


18 l | 


1189.0; 


1246.4 
| F247 +5! 
1248 6 


1250.7 
1251.8 
1252.8 


1245-4 | 


A Table of Meridional Parts, 263 


26 4 Table of Meridional Parts: 


ty 


fad” ras "ED 
SES zoo ow 


212 — 
315 28 


a 
— 


IAA 


Se- 


. N 
- | Mar. 


1559.0 


1551.1 
1552.2 
1553-3 
1554+ 4 


9.511555-5 


1556.6 


1357-7 
1558.8 


91415599 


1561.0 
1562.1 
1563.2 
1504 3 
1563 4 


1117094 
1210.517284 


17772 


1711.617795 
1712.8 1780.6 


8 
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5511544-5]1610.911678.0|1545:511813-5 1882.6[1952.2 : | 
5611545.6]1612.0|1679.1| 1746-6 18$14.9118583-8]1953.4 | 
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10 


2177.5 
2178.7 
2180.0 
2181.2 
2182.4 


2183.6 
2184.8 

2186.0 
2187.2 
2188.4 


2189.6 
2190.8 
2192.0 
012193.3 
2194-5 
2195.7 
2196.9 
2198.1 
2199.3 
2200.5 
2201.7 


, | Min. 
2244.3'2318.0 
712245˙5 2319.3 

2246.8 2320.5 
— 0 12321.7 
2249.2 2323. o 
2250. 402324. 2 
22516 2325.4 
2252.9 2326.7 
22541 2327.9 
2255-3 2329-2 
2256.5 2330.4 
2257.812331:6 
2259.0 2332. 9 
2200.2 2334-1 
2201-4, "2335-3 
2262.7 7, '2336. 2336.6 


2263.9, 
2265. * 
2266. 3 
2267.5 


2268.8 
2270.0! 
1 
2272.5 

— 
2274-9 

2276.1 
2277-4 
2278.6 
2279.8 


"Men. 


35 


Min. 


2337.8 


2339-0 


2340.3 


2341-50 


2342.8 
2344-0 
2345-3 
2340-5 
2347-8 
2349-0 
2350.2 
2351-5 
2352.7 


2354-0 


Min. 
36 


4s * 


% 
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2 Dr 
M\ Min. } Min. Min. Min. | Min. | Min. | Min. 
30] 1993-112063.9] 2135.4 |2207-$42251.0 [2355.21 2430.3 
3111994-3| 2065.1] 2136.6 2209.0] 2282.31 2356.5 2431.6 
3211995-5| 2066.2] 2137.8] 2210.2|2283-512357-71 2432.9 
33] 1996.6] 2067.4] 2139.0]2211.412284-7| 2358.9] 2434.1 
34 1997.3] 2068.6] 2140.2|2212.7] 2286.0} 2360. 20 2435.4 
3511999.0]2069.8] 2141.4|2213.9]2287.2|2361-4| 2436.7 
36]2000,2[2071.0]2142.0]2215.1]2288.4|2362.712437.9 
37] 2001.3] 2072.2] 2143-8]2216.3]2289-7|23063-9| 2439.2 
38] 2002.5] 2073.4 2145-0|2217:5 2290.9|2305.212440.4 
391 2003-7 2074-6] 2146.2|2218.7]2292.1|2360.4| 2441.7 
40|2004.9]2075.7]2147-4|2219.9] 2293-31 2307-7 2443.0 
41] 2006.0] 2076.9] 2148.6] 2221,2] 2294.612308.912444-2 
| 2978.1 2149-8] 2222.4 2295.812370-2.12445-5 
43 2008.4 2079.3|12151.0|2223.0] 2297.012371-4|2446.8 
2080.512152.2|2224-8|2298.312372-712448.0 
451291947 281-71 9353-4 2226.0] 2299-5|2373-912449-3 
2154.0 2227.21 £300.712375+2 2450.6 
4712013.1] 2084.1] 2155.8|2228.5] 2302.01 2376.4|2451.8 
431] 2014-3]2085.3|2157-0|2229.71 2303-212377-7.12453-1 
49] 2915-4 2086.5|2158.2|2230.9|2304-4[2378.9] 2454-3 
50 2016.6]2087.7|2159-4|2232,11 2395-7|2380.1[2455-6 
51|2017.8]2088.9|2160.7|2233.312390-9|2381.4|24506.9 
5212019.0|2090.1 |2161.9|2234.612308.1|2382.6{2458.1 
5312020.2[2091.3|2163.1|2235.8| 2399-412383.912459-4 
54|2021.3[2092.5|2164.3[2237.0|2310-6|2385.1]2460.7 | 
55 2022.51 2093-7 2165.5 |2238.2|2311-8|2386,412461.9 
56] 2023.71 2094-9| 2166.7 12239.4]2313-1|2385.612463.2 
572024. 912096. 12167. 9 2240.7 2314-3]2388.9] 2464-5 | 
58 2026.0 2097.3 2169.1 [2241.92315.5 [2390.2 2465.8 
592027. 20 2098.5 2120.3 2243-102316. 7 2391.424670 
PMI Min. | Min. | Min. | Min. | Min. | Min. | Min. 


LI 31]. 32 | 33 (34 |. 35 1 36 | 37 | 


r — * 2 — 


68 1 Tabl of Mevidional Part. 


33 — 2 * 41. 42 — 38. 44 | 
Min. | Min. | a . | 
2468: 3] 2545-0 [2622.7 71. 2781. 72863. 1 [2945.7 
2409.6] 2540-2 2624.0 2703.912783. 1 2864.5 [2947.2 
2470.8] 2547.5 2626.3 2704. 3 2784-4| 2865.8 [2948.6 
2472.10 2548.8 2626.6 2705.6|2785.8] 2867.2 [2950.0 
{2550.1 [2627.9 2706:9]2787-1} 2868.5 2951-4 
2474-61 2551-4 |2629.2! 2708.3 2788.5 2870.0 [2952.8 
2475-9] 2552-71 2630.5 2709.6] 2789.8] 2871.3 [2954-2 
2477-11 2554-0[2631:9|2710.9]2791.2|2872.7 295 5. 6 
2478.5 2555.3 2633.2 2712.2 2792.5 2874.1 [2957.0 
71 2550-6] 2634-5]2713.6|2793-8|2875.4 2958.4 
2557.8 2635.8 2714.9 2795˙12876.8 2959.8 
11 2482.302559. 12637. 102716.2 2796.5 2878.2 2961.1 
| 12|2483-5|2500.4|2638-4\2717.5|2797-9|2879.5 [2962.5 
13 2484.80 2561.7 2639.7 2718.9 2799.3 2880.9 [2963.9 
| 14|2486.1]2503-012641.0|2720.2|2800.6]2882.3 [2965.3 
1s [2487.4 2504-3 2642.3 2721.5 2802.0|2883.7 (2966.7 
716 2488.6] 2565.6 2643.62722.9 2803.3 2885.0 2968.1 
772489.9 2565.926449 2724.2 2804. 7 2886; 412969. 5 
18] 2491.2] 2568.2 2646.3 2725.5 2806.0 2887.8 2970.9 
1924925 2569-5! 2647.6 2726.9 280.4 2889.2 2972.3 
2493.7 2579-71 2048-9] 2728.202808. 7 2890.5 2973.7 
2495.0 2572.0 EA 2729.5] 2810.1] 2891.9 2975.1 
2496.31 2573-3 2730.8] 2311.4|2893.3 2976.5 


—__— 


188 


» e 


s 
15 
— 
DI 
+> 


— 


— * 


O 0 Own 


1 , 


20 

21 

22 

2312497-6] 2574-61265 2-812732.212812.8| 2894.7 [2977.9 
24] 2498:8] 2575-9. 2654-112733-5 2814.102896. o 2979-3 
2512500-1] 2577-2[2655-4|2734-8|2815.5|2897.4 2980. 
262501. 42578.5 2656.8 2736.2 2816.8 2898.8 [2982.1 
27 
28 
29 
M 
L 


1 


2502.7 2579.8 2658.102737. 2818.2 2900.2 2983. 5 
280340258. 2659.42738.82819.5 2901.5 2984.9 
25052125 82. 4/2660. 2740.2 2820.9 2902.9 2986.3 
Min, Min. Min. Min. Min. | Min. Miu? 


13s \ 39 lo [ala lg 4s 
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.3 | 2849-5 


2829.0 2911.2 


2830.4 
2831.8 
2833.1 
26345 
283 5.8 
2837.2 
2838.6 


28399 
2841.3 
2842.6 
2844-0 
284 5-4 
2846.7 
2848.1 


2850.8 
2852.2 
2853.6 


28549 


2912.6 
29140 
2915.3 
29107 
2918.1 
2919-5 
2920.9 
2922-3 


2925.0 
2926.4 
2927.8 
2929.2 
2930.6 
2932.0 
2933-3 
293 4+7 
2936.1 
2937+5 


2856.3 
2857-7 
2859.1 
2860.5 
2861.8 


2938.9 
2940.3 
2941.7 
2943-1 
2944.4 


Min. 


Min. 


þ 


45 


| * 
2 


2923.6 


42 


250 1 Table of Meridional Parts. 


2 31 do FRI vw 4 ol = 81 


3135-513223-3 


47 


— — —— 
Min. a 


3202.8 
3204.2 
. 
3207.2 


3208.6 


3210-1 
3211.6 
3213.0 
3214-5 
3216.0 
32174 
3218.9 
3220.4 
3221.9 


3224.8 
3226.3 
3427-7 
3229.2 


3230-71332 


3232.2 
3233.6 


3235˙1 


3236 6 


3 3238.1 


31546 3242.5 
3156.132440 
22 [224U 


Min. 


3239.5 
3241.0 


Min. 


— — 


47 


46 


— 


OY 
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4 
- Min. 


3246.9 


3248.4 
3249-9 
3251-4 


3252.9 


3254.4 


713255˙8 


3257.3 
3258.8 
3260.3 
3261.8 
3203.3 


0.4 | 3264+7 


3266.2 


3207.7 


3209.2 


3132707 
7 (327262 | 


32737 


3276.6 
3278-1 
3279.6 
3281.1 
3282.6 


3285.6 
3287.1 
3288.6 
3290.1 
Min. 


— — 


— 
1 * 


3284.1 


Min. 
3336.6 


3338.1 
3339.6 
3341.1 
3342-7 
3344-2 
3345-7 
3347.2 
3348.7 


48 2 
Min. | 


3428.1 
3429.6 
3431.2 
3432.7 


3434-2 | 3527+7 


34358 


1 


12222 | 33054 1345 7e4 


__— 


— 


— 
| * 


47 


Ke 


- 
: 


—_— _—dwSOQ. 


- aw p [3975-0 


3976.7 


3978.5 
3980.2 


3982.0 


3983.7 


SSG ls el 


3985-5 
3987.2 


113989. o 
8.3990. 


3992-5 


3994-2 
3996.0 
3997.7 


4901.3 
4003.0 
4004. 8 
4006. 5 
4008. 3 
4010.0 
4011.8 
4013.6 
4915.3 
4017.1 


4018.9 


Min. 
55 


4090. | [4299-2 2 
40915 9 n 1 
4093.7 42. 
4995-51420 7 
4097.3 4200, 
4099. i {4208.4 
4190.9 4210. 4210.4 
4102.7 4212.1 
4104.5 4214. 
3999-514 
4109. 2 11 if 
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— 


34 


3 


| 52 


Min. 

3714-2 = 
3715.9 
7717.5 


77 7 


3719-2 
3720. — 2228. 


WP 2 
"Mn. 
3813.c J 
3815.6 
3817.3 
3819.0 
3820.7 


2 4131.6 
4135-2 


4153-4 


4162 4162 5 


4127.9 
4129.7 


4133-4 


4137.0 
4138.8 
4140.6 
4142.5 
4144-3 
4146.1 
4147-9 
4149-7 
4151.6 


4155-2 
4157-0 
4158.8 
4160.7 


4164.3 
4166.2 

4168.0 
4169.8 
4171.7 
4173-5 
4175-3 
1177.2 
4179-0 
4180.8 

Min. 


*y » 


Mn. 


4245 


4254-9, 
4256. 4256.8 
4258.6 
4260.5 
4262. 
4264 3 
4266.1 
4208.0 


4269.9 


4271.8 
4273.6 
4275+5 
214277-4 
4279-3 
4281.1 
4283.0 
4284.9 
4286.8 
4288.7 
4290.6 
4292.5 
Min. 


— — 


36 


2 


4238.1 (4351-3 
4249.0,4353-3 
4241.814355-2 
4243.7 43571 
24 439.0 
424744300 
4249-3 4362.8 
4251.2 4304.8 
4253.0 4360.7 


11782 


7 
Men. 


4368.6 6 


1379.5 
1372.5 
13711 


3 4328.2 
4380.2 2 


4382.1 
4384.0 

4385.9 
4387.9 
4389.8 
4391.7 
4393.7 
4395-6 
4397-5 
4399-5 
4401.4 
4493-4 
4495-3 
4407-2 |. 

Ma. 


— 


274 
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[>| 


4 


Ry wed — R89Xmyd 
20 ow 81 80 es — 9 


— — 
0 


-014577+-7 


4579-7 
4531.8 
4583.8 


Min. 


60 


4585.81 4) 
n. |. Min. | 


- 


61 


.1] 4938.1{5073-8 


4958.215094-6015230.1 


- Mm. 
62 


1] 4922.6 


41 4942.6, 5078.4 


7774 
2 

4916.005050. 9 
4918.2 50532 
4920.45055·5 
5057.7 
4924.8 | 5060.0 
4927.1 5062.3 
4929-315994-6 
4931.5 5966.9 
4933.7 5069.2 
4935-9,5971:5 


4940.4 5076. I 


4944.8; 5980.7 
4947-0 5083.0. 
4949-3; 5983-3 
4951.5 5987-7 
4953-7, 5299:0 
4956.0 5292.3 


4960.4 5096.9 
4902.7 5099.2 
4964 9 5101.5 
4967.1 5 103.9 
4969.4 5 106.2 


Min. | Min. 
63 64 | 
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275 
1 Min, 2 Min. - 23. 4 64 | 6s | 
30 447 8] 4587.8 8 = Min. | Min. 
31 4409-81 4539. .414971-6|5108.5;5250. 

32 4471.8 Rs 4541.0 4973-9 ele * 

33 4473-814593-9] 4843-81 4970-1 [5113-11 525. 
34 4475:7 4596.of 4445.7 4979-3 SHTS-515257+7 
35 4477. 74598. _ .114980.0{5117.8 5260 I 

| 36 4479.7 4600.1 28 4982.8 5120.1 5262.6 

37/4481.7| 4602.1 #2575 4985-1]5122.5| 5265.0 
38:4483.6| 4604.1 4354.0 4987-3|5124-8| 5267.4 
39 4485.6 4606.2 22 4939.6 5127.1|5269.8 
40/4487.6|4608-2| 47371 1259014990 4991-8}5129.5|5272-3 
41| 4489.6] 4610.3 4801-214994-1 5731.852747 
42 4491-6] 4612.3 4363-314998-31$134-T 52774 
43|4493-5]4614-3 4865-51 4998-01 5130-5152795 
44|4495- 5 4616.4 4867-7] 5000.9] 5138-31 5282. 
45| 4497-5[4618.4 8 Dez 8 
46 4499-5 [4620.5 . 5005.4|5143-5| 5280.8 
47|4591-5 [4622.5 4874-315097-015145-9 5289.3 
48 4503.5 [4624.6 * .41 5009.9] 5148.2| 5291-7 
4914505.5|4626.6 je hows 5012.2 5150.652942 
56757528. e e 
5104509. 44630. 4882.0]5016-715155-3152990 
5214511.4|4032.8 nile 5019.0|5157.6[5301.5 
5314513.414634.8 6 5021.2 5160.015303 9 
54|4515-44636.9 ae 
5545 17. 44039. 0 . — $025-6 5104-7 5308.8 
56[4519-4[4641.0 4294 0] SOXÞT (B20 153008 
$71 4521.4|4643-1 een ge 5169.4|5313-7 
5814 523-4|4645-1 4546; 5032.6]5171.85316-2 
591 4525-414047-2 15497» 5934-9|5174-115318.6 
Jes [ee Fs 5937-2|5176.5 [5321-1 

|T.1"59 | Go | AAA 


Tp 


© 
> 


5966.0 6145.7 [633449 
5968.9 6148.816338.r 
5971-8[6151,9 0341-4 
5974.7 6155. 06344. 
9272.2 6158.016347.8 | 
5980.6|6161.1]6351.1 | 
$983-516164.2[6354-3 
5986.5|6167 31] 6357.6 
$959-416170.4|0360:9 
9 5] 5992 4[6173-5 6364.1 
$995-316176 616367.4 
5995.3 [6179.7 6370.6 
6001.2|6182.8|6373 9 
6004.2 6185.963772 
5007. 16189. 06380. 5 
6010.1 [6192.1 [6383.7 
6013.0/6195,2|6387.0 
6016.0 6198.3 6390.3 
6019.0 6201. 4/6393. 6 
602.9 6204 6 6396.9 


6024.9 6207.7 64002 
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S| — 


— — — — 


225682 
55778 


645569. 


2. | 


Min. 


5551.6, 
$5 54-2 
5556.8 


5557.3 
5572.6 


| 


5580.5 
5583.1 
5585.7 


: 5538.4] 
815591.0 


$559-5 | 
r 
5564.7 


Ty 


6142.7 


en 


' 


| 
Min. 
6054-7 
605 7.7 
6060. 
6063. 
6066.7 6251.7 


6069.7 6254.8 


Min. 
6239.0 
6242.2 
746245˙3 


4602.7 6258.0 


6075.7 6261.2 
6078.8 6264.4 


1 6081.8 6267.5 


6084.8 6270-7 
6087.8 6273.9 
8 6277.1 


6099-9 6286.6 


6109.1; 6296/2 


6112 116299:416 


6115.1*6302:7 
6118.2 0305.9 
6111.2'6309:1 
6124 3 6312.3 
6127.4 6315:5 
630.4 6318.7 
6133:5,0322.0 
6136.5 0325.2 
6139.6 6328.4 
6331.7 


Min. | Min. 


| 70 


7 6248.5 6 


6093.9 6280.36 
6096.9 6283-5 6 


6103.9 6289.86 
6106.0 629306 


7) 


fs A Tableof Meridional Ports 


g 


= — 2 * 


— 


ebe 


2170327 


817044.5 
7048.4 


«41795043 


1 Mn. 


7210-1 


7214-2 
7218.3 


7924-5, 
7028.7 


7036.6 
7040.5 


70524 


2 6989.7 7230-8 
f 993˙6 
6997.5 
9 1700i-4 

*5 472958 7247-5 
2 7009.2 7251.6 
+0 7013-1 {7255.8 
5 17917-0}7260.0 
2702. 


7234-9 
74399. 
7243-3 


7264.2 
7268.4 
7272.6 
7276 8 
7281.0 
7285.2 
7289.4 
7293˙7 
7297.9 
7302.1 


7396-4 
7300.6 


273149 
+21 731941 


759843 


77 
| M 2 

7407-2 
7471-7 
7476.1 
7480.6 


r 


2488.0 


7459.5 
7494-9 


7502.9 
7597-4 


7511.97 


756.4 
7520.9 


7525-4] 


7530-0 
753445. 
7539-0 
75430 
75484 


7498.5 


221 


7557-2 
75018 


7566.3 | 


75799 


1571345112 


75 84+7; 
7589-3: 
159349; 


im. : 


— 


7580 | 


2 


„ zz = „ — 1 = 
9 
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EC ET IT FIT; [ 
M| Min. Min. Min, 
30 6638.5 6856.2 7088.1 | . 
31 |6642.0] 6800.9|7092, 1 7 
32 6645˙56863.7 7096.1 | 
33 |0549-1 [5867.5 7100, 1 1] 7617.0 
34 (6652.616871.2 7104-11 7353-4 7621:6 7911-9|8228:5 
35 (6656.116875.0[7108.2|.7357-7|7626.3]7917.048234 
36 '6659 710878.7 7013-2 7362.0 7630.9 7922.108239. 
37 6653.2 6882.5 7116.2 7366-4] 7635.6] 7927-1}8245 1 
38 6666.8 6886.3 7120.207370. 7 7649-2|7932-2}8250-7 
39 6670.306890. 17124.3(7375˙0 7644-9] 7937-3} 82563 
40 65729 [67.5 7128.31 7379-4| 7649-6] 7942-4| 82618 
41 6577-44 6897.6|7132-317383-7] 7654-3] 7947-5} $267-4 
42 (6581.016901.4[7136.4 7388.0, 7659.0] 7952.6}8273.0 
43 6684.669056. 27140 4] 7392-4| 7663.7 ]7957-7|$278.6 
| 44 (6688-11 6909.9t7144-5 7396.8 7668.4 | 7962.8] 8284.2 
55 (6691.71 6912.8 7148.6 7401-1] 7673.1 7968.018289.9 
46 (6995-31 6916.6}7152.6|7405+5| 7677.8 1973-1]8295-5 
47 (6698-91 6929-4| 7156.71 7429-9] 7682.6] 7978.2] 8301.1 
48 6702-4. 924.2 7160.807414 2| 7687.3 7983.4} 8306.8 
49 [6706-01 0928.1 7164-9 7418.6] 7692.0 7988.51 8312-4 
50 (6709-6|6932.9|7169.0] 7423-9] 7696.8} 7993.7 8318:1- 
51 [67132 6935-717173-0] 7427-4 7701-517998.91 8323.8 
521671681 6939-517177-1] 7431-8] 7706.3]8004.0} 8329/4 
53 (6720.4|6943-417381-2| 7436.2|7711.0]8009.2| 83351 
54 6724.0 9 .27185.3 7440.6 7715.8]8014-4|8340.8 
557 (6727:6| 6951-1 [7289.51 7445-9] 7720.61] 8019.6] 8346.5 
5616731-2|6954-917193-6] 7449-5 | 7725-41 3024-8|8352.3 
57 [6734-9] 6958-817197-7| 7453-9|7730-2[$030.0\ 8358.0 
58 6738.5 6962.61 7201.8 7458.3] 7735.0] 8035.31 8363.7 
59 10742-1 | 66.517205-9|7462.8| 7739-81 8040. 58369. 5 
M| Mm. | Min. | Min. Min, | Min. Min, | Min. 
Tl» 1241 25 1200007) 2871 200, 
T 4 


2% A Table of Meridional Parts. 


1 81 82 [83 „ 4 
IE I 
of 8375.3 | 8739.1 145.6 605. 10137. o 

11 3587 8745.5 jo * 10146. 6 

12 8386.8 [8751.9 [9159.9 | 9622. 10156. 2 
3 8392.6 8758-3 9167.2 | 9630; 10165.8 
_4|_$398-3 | _$7604-8 | 9174.4 | 9638.9 | 101795.4 
5 $4041 | 8771.2 | 9181,6 9647.2 | 10185.1 

18 8409.9 | 8777-7 | 9188.9 | g6g55.5 | 101948 
71 8415-38 | 8784-1 | 9196.2 | 9663.8 | 10204.6 
81 8421.6 | 8790.6 | 9203.5 | 9672.2 | 10214-4 
91 8427-4 | 8797-1 | 92108 | _ 9680.6 10224.2. 

10 8433-3 | 8803.6. | 9218.1 | 9689.0 | 10234-0 
11] £439.1 | 8810.1 | 9225.4 | 9699.4 | 10243.8 
12 8445.0 | 8816.6 | 92328 { 9705.8 | 10253-7 
13] 8450.9 | 8823.2 | 9240-2 | 9714-2 | 10263.6 

| 14} 8456.8 | 8829.7 9247-6 | 9722.7 | 102735 
15 | 8462,6 | 8836.3: || 9255.0 | 9731.2 | 10283.5 
16 | 8468.65 8842.8 | 9262.4 [ 9739-7 | 10293-5 
12 3474-5 | $849-4 | 92699 | 9748.3 | 10303. 

18 $480,4 | 8856.0 | 9277.3 | 9756.8 | 30313. 
19 | 8486.3 | 8862.6 | 9284.8 | 9765.4 | 10323-7 

20 8492-3 } 8869.3 | 9292.3 | 9774-0 | 10333-8 

| 21j 8498.2 | 8875.9. | 9299.8 | 9782.7 10344. 0 
22 8504.2 | 8882.6 | 9307.3 | 9791.3 | 10354-1 

| 23]-8510.2 | 8889.2 | 9314-8 | 9800.0. | 10364.3 
24 | 8516-2 | 8895.9 | 9322.4 | 9808.6, | 103745 

| 25| 8522.2 | 8902.6 | 9330.2 | 9817.3 | 103848 

26 8528.2 | 8909-3 | 9337-5 [9826.1 | 10395-1 
27 8534-2 | 8916.0 | 9345-2 | 9834-8 10405. 4 

| 28] 85402 | 8922-7 | 9352.8 | 9843.6 | 10415.8 

| LEES '_Epa9s, | 9350.4 | 985244 304e0:s_ 

| M Min. Min Min. | Min. | Min. © 

| r 
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M Min. Min. Min. | Min. Min. 

30, 8552.3 | 8936.2 | 9368.1 - 9861.3 | 10436.6 
31 37854 8943.0 | 9375-8 | 98/70. 1 Þ 10447.1 
32; 5504-4 | 8949-3 | 9383-5 | 9879.0 | 104575 
33 8570.5 [8956.6 | 9391-2 9887.8 10468. o 
228 [384.899.288 | 19473:5 
35 8582.7 | 8970.2 | 9406.6 9905-7 | 10489.1 
36 8588.9 | 8977.1 | 94144 | 9914-6 [104997 
37] 8595-0 | 8983.9 | 9422.1 | 9923-6'Þ rog10.4 
380 8601.1 | 8990.8 | 9429. 1. 9932-7 | 10521-1 
39|_8607.3 | 8997-7 | 9437-8 |__9941.7 | 10531-8_.+ 
40| 8613.5 | 9004.6 | 9445.6 | 9950.8 | r0542.6 
41] 8619.5 | 9011.5 | 9453.4 | 9959-8 | 10553.3 
42| 8625.8 [9018.4 | 9461.3 | 9968.9 | 0564.1 
43 8632.0 | 9025.4 | 9469.1 9978.0 105749 
44 8638.2 | 9032-3. | 9477-0. 2987.2 105858. 
45| 8644-5 | 90393 | 9484.9 | 9996-3 | 10596.7 
46j 8650.7 | 9046.3 | 9492-9 | 100055 10607.7 
47] 8656.9 | 9053.3 | 9500.8 | 10014.8 | 10618.7 
48] 8663.2 | 9060.3 [9508.8 | 10024.0 | 10629.7 
49 8669.5 9067.3 | 9516.8. | 10033 3 | 10640.8_ 
500 8675.7 90744 9524-8 | 10042.6 [106519 
51 8682.0 | 90814 | 9532.9, | 10051.9 10663. 0 
52| 8688.3 | go88.5 | 9540.9 | 10061,3 | 10674.1 
53 8694-0, 9095.0 | 9548.9 ; 10070.6 | 10685.3 
54] 8701.0 | 9102.7 | 9557.0 | 10080,0. | 10696.5 
55 8707.3 | 9109.8 9565.1 10089.4 | 10707.7 
56] 8713.6 ] 91169 | 9573-2 |, 10098.9 | 10719.1 
57] $720.90 | 9124-0 | 9581.4 | 10108.4 | 10730.4 
58) 8726.4 | 9131.2 | 9589.5 | 10117.9 | 10741.8 
59} 3732-7 1_9133-4 1_9597:7_|_10127:4-| 107533 
1 ia. Min. Min | Min. _ -- ... Min. 
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Ker. XL 
Of Oblige Sailing. 


4 
| 
| 
: 
| 
: 
| 
: 
' 
' 


HE Queſtions that may be 8 on this 
Head bein mof innumerable, I ſhall only give 
ew * * uſeful. | 


R O B. 1. : 
| Caſting along the Shore I ſaw a Cape. he 


om me NNE. then. I ſtood away NW W 29 
les, and J obſerved the ſame Cape to bear from 


me NEE. Required the Diſtance of the Ship 


de the FOE ar each Station. 


| Geometrically 

| — the Circle NW SE to reſent the Com- 

Ns the Meridian and WS the Eaſt and Weſt 

Line, and let C be the place of os Ship in her firſt 
_—_ Station ; then from C ſet 
| off upon the NW W Line, 

4. CA 20 Miles, and A will 

* 


N. 1 be the place of the Ship. in 


her ſecond Station. 
„  — From Cdrawthe NNE 


W n E Line CB, and from A draw 
C 


AB parallel to the NE+4E 
Line CD, which will meet 
CB in B the place of the 

8 Cape, and CB will be the 
Diſtance of it from the Ship in it's firſt Station, and 
AB the Diſtance in the ſecond, to find — > 


Oblique Sailing 285 
y Calculation. 


In the Triangle A CB are given A C, equat to 
20 Miles, the Angle A CB equal to 789, 45/, the 
Diſtance between the NN E and NW W Lines, 
alſo the noun APs equal to BCD (by te. 36. 36. 
See. I.) to 33% 45!, the Diſtance between 
the 0H 5 and NEbE Lines; and conf 
the Angle A equal to 675 zol, (by Cor. 1 Art, 61. 
See. I.) 

Hence for CB the Diſtance of the Cape from 
the Ship in her firſt ſtation, it will be (by « Caſe 2. 
| of Oblique Trigonometry.) 


S. ABC: AC::S, BAC: CB. 


i. e. As the ſine of the Angle B 33, 45! 9.74474 
is to the Diſtance run AC 20 — 1.30703 
ſo. is the Sine of BAC — 67, 30 9.96562 
to CB — — — — 33.26 — 1.5219] 
the Diſtance of the Cape from the Ship at the firſt 

ſtation. Then for A B it will be by he ſame Caſe. 


S. ABC: AC:: S. ACB: AB. 


#. e. As the Sine of B — 33, 45! — 9.74474 
is to Ac — — 20 — — 1.30103 
ſo is the Sine of C — 2 45 — 9.99157 
to AB — — — 35.31 — 1.54786 
the Diſtance of the Ship * the Cape at her ſe- 

cond ſtation. 


P R O B. 2. 


Coaſting along the Shore I ſaw two Headlands, 
the firſt bore from me NE ZE 17 Miles, the other 


SS W 20 Miles. Required the Bearing and Di- 


ſtance of theſe Headlands from one another. 
Geametrically, 


1 
SS ˙ ˙ . ˙—˙1 1 


* 
VY 
-# 
F 
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ok Geome 7 ical | ty. | 


Hang drawn the Compaſs NWS E, let C 
N repreſent the place of the 
1 1 A Ship, ſet off upon the N E. 
„ 1] #ELineCA 17 Niles from 
5 T9 \ Otto A, and upon the 88 
5 E W Line CB 20 Miles from 
ILY - © CtoB, and join AB, then 
1% A will be the firſt Head- 
a land, and B the ſecond; al- 
\ AF ſo AB will be their Diſtance 
B and the Angle A will be 
the Bearing from the NE 

bE _ to find which 


W. 


By C Sp aged 


In thi + Titingls ACB are given, Ac 17; CB 
20, and the Angle A CB equal to 101% 157, the 
Diltance between the NE E and 88S W Lines. 


Hence by-Caſe 4. of * * 7 NY it 
will 


As the Som of the Sides ACand CB 37 1.56820 
is to their Difference - ——— -—- 3 0.47712 
ſo is the Tang. of i the Sum T 

of the Angles A and B 39" 4335," 91417 

to the Tang. of half their Diff. 3. 45 8.82 309 


conſequently the Angle A will be 439, 11/, and 
the Angle B 35%, 34/; alſo the Bearing of B 
from A will be SSW 1, 49“, Weſterly, and 
the Bearing of A from B will * NIE 1*, 490, 
Eaſterly. 


Then for the Diſtance AB it will be, (by Caſe 2. 
of Oblique Angular en J 


© - — - — 1 — — —— = — 
b why 4 a iy 7 4 N a = 8 k IE SAL. T7 
l rr es Te © n FF W — TT 
p : 
- 


n Oe 
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8. A: CBT: S. C AB. 15 


1. e. As the Sine of A — 43 11 — 
is to CB — — 20 — — 
To is the Sine of C — 101, 15 — 
to AB — 2 28. 67 — 
the Diſtance between the two Headlands. 


P R O B. 3. 


Coaſting along the Shore, I ſaw two Headlands, 
the firſt bore from me N WN, and the ſecond 
NNE; then ſtanding away E N+ Northerly 20 


Miles, I found the firſt bore from me WN WI 
Weſterly, and the ſecond N&W z Weſterly, Re- 


quired the Bearing and Diſtance of theſe two Head- 
lands. 


Geometrically. . 
Having drawn the Compaſs NWS E, let C re- 


preſent the firſt place of the Ship, from which 


N 


C 


3 3 


draw the NW 4 N Line C B. and the N NE Line 


CD, alſo the EC NAN Line CA, which make 
a equal 


e e e 


E 2 
3 * = 4 
+4 % 4 


m_ 


TTT 


— — — ww 
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equal to 20. From A draw AB lel to the 
W NW3 W Line, and. AD to the N&W 
3 W meeting the two firſt Lines in the points B 


and D; then B will be the firſt and D the ſecond 


Headlands. Join the points B and D, and BD 
will be the diſtance between them, and the Angle 
CDB the Bearing from the NNE Line, to find 
Which 


By Calculation. 
r. In the Triangle ABC are given the Angle 


BCA, equal to 1045, o4', the diſtance between 
the NW34N Line, and the ENEZE Line, the 


Angle BAC equal to 369, 34, the diſtance be- 


tween the WSW4W Line and the WNWIW 
Line, the Angle A B C equal to 39, 22!, the di- 
ſtance between the ESE E Line, and the SW 
38 Line, alſo the fide C A equal to 20 Miles, 
whence for CB it will be, ( Caſe 2. of Oblique Tri- 


gonometry.) 


As the Sine of CBA 39, 22! - 9.80228 
is to AC - - - 20 - - 1.90103 
ſo is the Sine of CAB - 36 234! - 9.77507 
toCB - - - - - 138.79 - - 1.27382 


the diſtance between the firſt Headland, and the 
Ship in het firſt ſtation. 


2. In the 8 ACD, are given the Angle 
AC D equal to 47, 49“, the diſtance between the 
ENE;zE Line, and Ws N NE Line, the Angle 
CAD equal to 92?, 49/, the diſtance between the 
WSWI W Line, an the N4W3+W Line, the 
Angle CDA . to 39, 22, the diſtance be- 
tween the SS W Line, and the 85 E Line, al- 
ſo the Leg C A equal to 20. 

Hence for C D it will be, (by Caſe 2. of Oblique 


Trigonometry.) _ 
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As the Sine CDA = 399, 22! 9.80228 
is to Ac - - - + 20 = - +- 1.30103 
ſo is the Sine of CAD - 922 34! - 9g.99960 
„ 31.5 2 35 
the diſtance between the ſecond Headland, and the 
Ship, in her firſt ſtation, 


3. In the Triangle BCD are given BC 18.79, 
CD 31.5, and the Angle BCD equal to 56?, 15! 
the diſtance between the NW N Line, and the 
NNE Line. 

Hence for the Angle CD it _ be, (by Caſe 

4. of Oblique Trigonometry.) 


As the Sum of the Sides - - 50.29 - 1.50148 
is to the Diff. of Sides 12.71 - 1.10415 
ſo is Tang. of z Sum of 61. 2“ 8 

the unknown Angles th , 55 ry: cu... 
to the Tang, of half their diff. 23, 18 - 9.67456 


conſequently the Angle CBD is 879, 10, and 
the Angle CDB 36%, 35'. Hence the Bearing 

of the firſt Headland from the ſecond will be 
S 59%, o8/, Wor SW 45 WI W nearly, and for 
the diſtance between them it will be 


As the Sine of BDC < 369, 35! 9.77824 
is to BC - - - - 18.79 - = 1.27382 
ſo is the Sine of BCD 56“, 15! - 9.91985 
to BD - -.- - - _ 26.21 '= =» 42G 
the diſtance between the two Headlands. | 


This, and the firſt Problem, are of great uſe in 
drawing the Plot of any Harbour, or laying down 
any Sea Coaſt, 


P R O B. 4. 


Suppoſe a Ship that makes her way good WET 
61 points of the Wind, at North, is bound to a 
Port bearing Eaſt 86 Miles diſtance from her. Re- 

| U quir'd 


Ms 


= 
"RY n A. * 8 . . 2 N 8 
ul i « ͤ d “.... Eo 
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quired the courſe and diſtance upon each Tack, & ta 
gain the intended Port. | 


| Geometrically, 


Having drawn the Compaſs NE S w. let C re- 
3 the Ship's place, and ſet off upon the Eaſt 
ne C A 86 Miles, fo A will be the intended Port. 
Draw CD and CB on each fide of the North line 
at 63 Points diſtance from it, and thro? A draw AB 


Parallel to CD meeting CB in B; then the EN E 
E Line CB will be the Courſe of the Ship upon 
the Starboard Tack, and CB it's diſtance on that 
Tack ; alfo the ESE 1E Line AB will be the 
Courle on the Larboard Tack, and BA the di- 
RE on chat Tack, to find which, 


By C alculation. 


In the Triangle A 17 C are given, the Angle 
ACB equal to 16?, 53/, the diſtance between t 
Faſt and ENE+E Line, the Angle CB A equal 
to 1469, 14/, the diſtance between the EN EI E. 
and the WNW! W Lines, the Angle BAC e- 
ual to 16, 53), the diſtance between the Eaſt, and 
E S Ei E 7 alſo A C 86 Miles. 
Hence ſince the Angle at A and C are equal, the 
CB and B A will likewiſe be equal; to find 
eier of which (ſuppoſe C B) it will be, oy Td 2. 
. US — Angled T Trgonemetry, 2 
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As the Sine of B — 146 14 — 9.74493 
is to AC — — — 86 — — 1.93450 
ſo is the Sine of A — 16, 59 —— 9.46303 
to K — — — 44.94 — — 1.65260 


the diſtance the Ship muſt fail on each Tack. 


There is a great Variety of uſeful 8 of 
this Nature that may be propoſed, but the Nature 
of them being better underſtood by practice at Sea, 
we ſhall leave them and go on to Current Sailing. 


3 ts. 1 1 fs. _ a. Dd. ts l. —_ —_ 


SECT. XI. 


c Currents, and how to make proper Allows 
ances for them 


URRENTS are certain ſettings of the 
Stream, by which all Bodies (as Ships, Sc.) 
moving therein, are compelled to alter their Courſe 
or Velocity, or both; and ſubmit to the Motion 
impreſſed upon them by the Current. 


Sr 


If the Current ſets juſt with the Courſe of the Ship, 
(i. e.) moves on the ſame Rumb with it; then the 
Motion of the Ship is increaſed, by as much as is 
the Drift or Velocity of the Current, 


Example. 


Suppoſe a Ship fails SES at the rate of 6 Miles 
an Hour, in a Current that ſets S E58 2 Miles an 
Hour. Required her true Rate of Sailing. 

Here it 1s evident that the Ship's' true rate of 
Os will be 8 Miles an Hour, | 
* U 2 CASE 


202 Current Sailing, 
CASE. 2; 


If the Current ſets directly againſt the Ship's 
Courſe, then the motion of the Ship is leflen'd by 
as much as is the Volocity of the Current. 


Example. 


© Suppoſe a Ship ſails SS Wat the rate of 10.Miles 

an Hour, in a Current that ſets NNE 6 Miles an 

Hour. Requir'd the Ship's true rate of Sailing. 
Here it is evident that the Ship's true rate of Sail- 


ing will be 4 Miles an Hour. Hence it is plain, 


Cor. 1. If the Velocity of the Current be leſs than 
the Velocity of the Ship, then the Ship will get ſo 
much a Head as is the difference of theſe Velocities. 
Cor. 2. If the Velocity of the Current be greater 
than that of the Ship, then the Ship will fall ſo much 
a Stern as is the difference of theſe Velocities. 

Cor. 3. Laſtly, If the Velocity of the Current be 
equal to that of the Ship, then the Ship will ſtand 
ſtill ; the one Velocity deſtroying the other. 


KS. E z. 


- If the Current thwarts the Courſe of the Ship, 
then it not only leſſens or augments her Velocity, 
but gives her a new direction compounded of the 
Courſe ſhe ſteers, and. the ſetting of the Current 
as is manifeſt from the following 


Lemma, 


If a Body at A be impell'd by two Forces at 


the ſame time, the one in the direction A B ca- 
2 | pable 
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pable to carry that Body from A to B in a certain 
ſpace of Time, and the other in the Direction AD 
capable to carry it from A to D 

in the ſame Time: Complete the A 4 I 
Parallelogram AB CD, and draw 
the Diagonal A C; then the Bo- 
dy at A agitated by theſe two 
Forces together will move along 
the Line A C, and will be in the 
Point C at the end of the Time 
in which it would have mov'd a- D 5 
long AD or AB with the Forces ſeparately applied. 
Hence the Solution of the following Examples 


will be evident, 


Example 1. 


' Suppoſe a Ship ſails (by the Compaſs) directly 
South 96 Miles in 24 Hours, in a Current that ſets 
Eaſt 45 Miles in the ſame time, Required the Ship's 


true Courſe and Diſtance. 


Geometrically, 


Draw A D (ſee the laſt Scheme) to repreſent the 
South and North line of the Ship at A, which make 
equal to 96; from D draw DC perpendicular to 
AD equal to 45, and join AC, Then C will be 
the Ship's true place, A-C her true diſtance, and 
the Angle CAD the true Courſe. To find which, 


By Calculation. 


Firſt, For the true Courſe D A C, it will be, by 
Caſe 4. of Retftangular Trigonometry, | 
As the apparent Diſtance AD - 96 - 1.98227 
is to the Current's Motion DC 45 - 1.65321 
| U3 £ ta 
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294 Current Sailing. 
ſo is Radius ee — — — 0.00000 
| T t true 

ſe ac 25, 07! — 967094 


conſequently the Ship's true Courſe is S 259, 07! E 
or SSE 2“, 37's Faſter oy 2 
Then for the true diſtance A C, it will be, by 

Caſe 2. of Reftanguiar Trigonometry. 33 

As the Sine of the Courſe A 259, o7/ g 62784 

is to the Departure DO 45 — — 7.65321 

ſo is Radius — — — — —— 10.000 

to the true Diſtance AC 106 —— 2.02537 


Example 2. | 
| Suppoſe a Ship fails SE 120 Miles in 20 Hours, 
in à Current that ſets W 3 N at the rate of 2 Miles 
an Hour. Required the Ship's true Courſe and Di- 
ſtance failed in that time. | 
1 Geometrically. 


Having drawn the Compaſs NES W, let C re- 
preſent the place the Ship failed from; draw the SE 


| ! 


N 
12 
N &W 
3 
eee 
Line C A, which make equal to 120; then will A 
be the place the Ship caped at. 45 


Current Sailing. 295 

From A draw AB parallel to the WN Line 
CD, equal to 40, the motion of the Current in 20 
Hours, and join CB; then B will be the Ship's 
true place at the end of 20 Hours, C B her true di- 
ſtance, and the Angle 8 CB her true Courſe, To 
find which 


By Calculation. 


In the Triangle ABC, are given CA 120, AB 

40, and the Angle CAB equalto 34*, 45', the di- 

ſtance between the E4S and SE Lines, to find the 

Angles B and C, and the Side CB. _ 

Fin, For the Angles C and B it will be, by 

Caſe 4. of Oblique Trigonometry, 

As the Sum of the Sides CA and AB 160 2.20412 
is to their 3 — — 80 1.90309 
ſo is the Tang. of half the | 

.Sum of the Angles B and 2, 79% 10.517863 

to the Tang. of half their Di 

conſequently the Angle B will be 131 52/, and the 

A A CB 14 231. Hence the true Courſe 
is S 30% 37 E, or SS E 2, oy] Eaſterly. 

Then for the true diſtance C B, it will be, by 

Caſe 2. of Oblique Trigonomeiry, I 

As the Sine of B — 1319, 52! — 9.87198 
is to AC — — — 120 — — 2.07918 
ſo is the Sine of A — 33% 45! — 9.74474 
to the true Diſtance CB 89.53 — — 1.95194 


59, 45! 10.21680 


| Example 3. 
* Suppoſe a Ship coming out from Sea in the Night, 
has ſight of Sczlly Light, bearing NE N diſtance 
4 Leagues, it being then Flood Tide ſetting ENE 


2 Miles an Hour, and the Ship running after the 


te of 5 Miles an Hour. Required” upon. what 
A U 4 | Courſe 


— 


4 


5 * — - 
nd C5 T 
- — >. 
— pp — — — = 1 — — 
3 A — — - 
* - . * Fs 
_ 4 * bg 


— — — 
— 
. 
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Courſe and how far ſhe muſt ſail to hit the Li- 
zard, which bears from Scilly E 8 diſtance 17 


Leagues. | 
| Gemmetricalh. 


Having drawn the Compaſs NES W, let A re- 
preſent the Ship's place at Sea, and draw the NE 
N Line AS, which make equal to 12 Miles, ſo 
S will repreſent Scilly. 

From 8 draw SL equal to 51 Miles,” and paral- 
lel far the E18 Line; then L will repreſent the Li- 
Sai 


From L. draw I. C parallel co the E NE. Line, 


equal to 2 Miles, and from C draw CD equal to 


5 Miles meeting AL in D; then from A draw 


AB parallel to C D meeting L C produced in B, 
and AB will be the required diftance, and S AB 
the true Courſe, To find which, 


By C alculation. 


In the Triangle ASL are given the fide AS e- 
qual to 12 Miles, the fide 8 L equal to g, and 


the Angle ASL equal to 118, 0%, the diſtance 
between the NE N and W 34 N Lines, to find the 


— 


Angles SA L and SLA. Conſeqently, by Cafe 4. 
As 


: of * — it will be 
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As the Sum of the Sides AS and SL 63 1.79934 

is to their n — 39 1.59106 
ſo is the Tang. of half the Sum 7 

of the Angles SALand SLAP 30*,56" 9.77763 


to the Tang. of half their Diff. 20%, 21 9. 56935 

conſequently the Angle SA L, will be 31“, 17), 
and ſo the direct Bearing of the Lizard from the 
Ship, will be N 85, O2“ E, or E4N 69, 17! E, 
and for the diſtance A L, it will be, by Caſe 2. 
of Oblique 7. rigonometry, 


As the Sine of SAL - 51%, 17! 9.89223 
/ 1 — NS 
ſo is the Sine of ASL 118?, op! - 9.94546 
to AL — — — 57,05 — — 1.76080 


the diſtance between the Ship and the Lizard. 


Again in the Triangle DLC, are given the 
Angle L equal to 1755 320, the diſtance between 
the EN E and N 85 027 E Lines, the fide LC 

equal to 2 Miles, the Current's drift in an Hour, 
and the Side CD equal to 5 Miles the Ship's Run in 
the ſame time, Hence for the Angle D, it will be, 
by Caſe 1. of Oblique Trigonometry, 


As theShip's Run in 1 Hour DC 5 — -0.69897 
is to the Sine of II — 17% 32! — 9.47894 
ſo is the Currents drift LC - 2 — 0.30103 
to the Sine of D — — 62,55! — 9.08100 


conſequently ſince by Conſtruction the Angle 
ILA is equal to the Angle LD C, the Courſe 
the Ship muſt ſteer is S 889, 037 E. 


Then for the diſtance A B it will be, by Caſe 2 
of Oblique Trigonometry, 


As the Sine of B — 155, 33 — 9.61689 
is to AL — — 37.65 — — 1.76080 


ſo is the Sine of L — 17,92 — — 9.47894 
AB — — — 41.96 — — 1.62285 
conſequently 


„ —ũũ AF. nes LY nn ere 2 I OR II ER 
7 3 We = — — + & - — » 5 — — — 0 — ——ñ—m——— — 
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- conſequently ſince the Ship is ſailing at the rate of 


5 Miles an Hour, it follows that in failing 8, 
248 38%, 03! E, the will arrive at the Lizard. 


Example 4. 


A Ship from a certain Headland in the Latitude 
of 34%, oo! North, fails SE+4S 12 Miles in three 
Hours, in a Current that ſets between North and 
Faſt, and then the ſame Headland i is found to bear 
WNW, and the Ship to be in the Latitude of 
33, 52! North. Required the _ _ drift of 
the Current. 


Geometrically. 


ſt do the Compaſs NESW, let A re- 
preſent the place of the Ship, and draw the SE 4S 
N line AB equal to 12 Miles, 


Vl alſo the E S E line A C. 
Lec] Set off from A upon the 
Al. Meridian, A D equal to 8 


W Miles, the difference of Lati- 
| DX tude, and throꝰ D draw D C 
IE parallel to the Eaſt and Weſt 

| Line WE, meeting AC in C. 
o Join C and B with the right 


'Line BC: ; then C will be the Ship's place, the 
Angle ABC the ſetting of the — from the 
SES Line, and the Line B C will be the drift of 
the Current in 3 Hours. To find which 


5 Calculation : 


In the Triangle ABC, right angled at D, are 
given the difference of Latitude AD to 8 
Miles, the Angle D AC equal to 679, 30. Whence 
for AC the diſtance the Ship has failed, it will = 


As Radius — — — — — — 10.00000 

2 1 — 8 — 0.90309 
th 

9 0 MPR, 65% 30 10.41916 

to the diſtance run AC — 20,9 — 1.32025 


Again, in the Triangle ABC, are given AB e- 
qual to 12 Miles, AC equal to 20.9, and the Angle 
BAC equal to 33%, 45', the diſtance between the 
S ES and ESE Lines. Whence for the Angle 
at B it will be | 


As the Sum of the Sides A C and AB 32 9 1.51720 
is to their Difference — —— 8.9 0.94939 
ſo is the Tang, of half the , 806 
Bum of the e AnglcsB and © Jy. 16. 
to Tang. of 3 their Diff. 41%, 43's — 9.95026 
conſequently the Angle B i is 114, 610, and fo the 
. ſetting of the Current will be N 819, 06' E or E. 


 6N 29, 21! E. Then forB C the Current's drift 
in 3 Hours it will be 


As the Sine of B — 114, 51! — 9.92500 
s to the Diſtance un A C 20.9 —— 1.32025 
ſo is the Sine of & — 33, 45! — 9.74474 
toBC — — — — 12.8 — 1.10719 


the Current's drift in 3 Hours, and conſequently the 
Current gk EN 2%, 21/E4. 266 Miles an Hour. 


en 
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SECT. XIII 


8 the Variation of ibe Compaſs, and - how to 
find it from the true and +545 Am en or 
- Azimuths of the Sun. 


HE Yariation of the Compaſs is how far the 

North or South point of the. Needle ſtands 
from the true South or Narth point of the Horizon 
towards the Eaſt or Weſt ; or tis an Arch of the 
Horizon intercepted between the Meridian of the 
place of Obſervation and the Magnetic Meridian. 

2. It is abſolutely neceſſary to know the Varia- 
tion of the Compaſs at Sea, in order to correct the 
Ship's Courſe; for ſince the Ship's Courſe is direct- 
ed by the Compaſs, *tis evident that if the Compaſs 
be wrong the true Courſe will differ from the ob- 
ſerved, and conſequently the whole Reckoning differ 
from the Truth. 

3. The Sun's true Amplitude, i is an Arch of the 
Horizon comprehended between the true Eaſt or 
Weſt point thereof, and the Center of the Sun at 
Riſing or Setting; or it is the Number of Degrees, 
c. that the Center of the Sun is diſtant from the 
true Eaſt or Weſt point of the Horizon, towards 
the South or North. 

4. The Sun's Magnetic Amplitude is the Number 
of Degrees that the Center of the Sun is from the 
Eaft or Weſt point of the Compaſs, towards the 
South or North point of the ſame at Riſing or Setting, 

5. Having the Declination of the Sun, together 
with the Latitude of the place of Obſervation, we 
may from thence find the Sun's true Amplitude, 
by the following Aſtronomic Propoſition, viz. 


As the Co-/ine of the Latitude 
2 to the Radius 
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fo is the Sine of the Sun's Declination rk 
to the Sine of the Sun's true Amplitude 


which will be North or South according as the 
Declination is North or South, 


Example. | 


Required the Sun's true Amplitude in the Lati- 
tude of 419, 50“ North, on the 23d day of April 
1731. 

Fit. I find from the third Table at the end of 
this Book, that che Sun's Declination the 23d of 
April 1731, is 159, 54 North, then for the true 
Amplitude, it will be, by the former Analogy, 


As the Co-ſine of the Lat. 41, 50 - 9.87221 
is to Radius — — — — —— 10.00 
ſo is the Sine of the Decl. 13, 54' - 9.43769 
to the Sine of the Amplit. 21, 35 - 9.56548 


which is North, becauſe the Declination is North 
at that time; and conſequently in the Latitude 
of 41%, 50“ North, the Sun riſes on the 23d of 

April 1731, 21, 35!, from the Eaſt part of the 
Horizon towards the North, and ſets ſo much 
from the Welt the ſame way. 


6. The Sun's true Azimuth is the Arch of the Ho- 
rizon intercepted between the Meridian and the Ver- 
tical Circle paſſing thro* the Center of the Sun at the 
time of Obſervation. 

7. The Sun's Magnetic Azimuth is the Arch of 
the Horizon intercepted between the Magnetic Me- 
ridian and the Vertical, g thro' the Sun. 

8. Having the Latitude of che place of Obſerva- 
tion, together with the Sun's Declination and Alti- 
tude at the time of Obſervation, we may find his 
true Azimuth after the following Method, * - 

C 
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Make i it, 
As the Tangent of half the . of the Latitude 
is to the Tangent of half the Sum of the Diſtance of the 
- Sun from the Pole pr Compliment of the Altitude 
fo is the Tangent of half the Difference between the Di- 
ftance of the Sun from the Pole and Compliment of the 
Altitude enw_ — — ew — aww 
to the Tangent of a fourth Arch 


_ which fourth Arch added to half the Compliment 
of the Latitude will give a fifth Arch, and this 
fich Arch lefſened by the Compliment of the 
Latitude will 2. ſixth Arch; then make it 
As the Radins — — ? — — 
is to the Tangent of the Altitulle 


ſo ix the 7 — of. the fixth Arch 
tothe Co: ſine of the Sun's Azimuth 


which is to be counted from the South or Norch, to 
the Eaſt or Welt according as the Sun is ſituated 
with reſpe& to the place of Obſervation. | 


If the Latitude of the Place and Declination of 
the Sun be both North or both South, then the De- 
clination taken from 90? will give the Sun's diſtance 
from the Pole; but if the Latitude and Declination 
be on contrary ſides of the Equator, then the De- 
clination added to go will give the Sun's! diſtance 
from the neareſt Pole to tlie place of Obſervation, 


KS ol 


K 11 the ys of 31, 32 North, the Sun ha- 
ving 197, 391 North Declination, his Altitude was 
found by ervation to be 38%, 18“. Required 

the Azimutn. | ns 
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By the firſt of the foregoing Analogies it will be 
As the Tangent of i the Com- 
pliment of the Latitude 7 * e 956465 
is to the Tangent of + the 
Sum of the Diſtance of the 


Sun from the Pole and Com- F 55, ar 10.25655 
pliment of the Altitude 
ſo is the Tangent of half their . . 
— brust pow „519 921499 


to the Tang. of a 4b Arch 40 „ 20 9.9288 


which fourth Arch 40% 201, added to 190 , 14), 
half. the Compliment of the Latitude, gives a 
fifth Arch 39“, 34', and this fifth Arch leſſened 
by 389, 28/, the Compliment of the Latitude, 
gives the ſixth Arch 219 06” ; then for the Azi- 
muth it will be by the ſecond of the preceding 
Analogies, | 5 


As Radius — — — — — — 10.00000 
is to the Tang. of the Altitude 38,18 9.89749 
ſoisthe Tang. of the ſixth Arch 21,06 9.58644 
to the Co- fine of the Azimuth 72 ,,15 9.48393 


which, becauſe the Latitude is North and the Sun 
South of the place of Obſervation, muſt be count- 
ed from the South towards the Eaſt or Weſt; 
and conſequently if the Altitude of the Sun was 

taken 1n the Morning, the Azimuth will be S 
729 15! E, or ESE 4, 45! E; but if the Alti- 
tude was taken in the Akernoon, the Azimuth 
will be S 729, 154 W, or W SW 4, 45! 
Weſterly. 


9. Having found the Sun's true Amplitude or 
Azimuth by the preceding, Analogies, and his. 
Magnetick Amplitude or Azimuth by Obſervation, 
tis evident if they agree there is no Variation; but 
if they difagree, then if the true and obſerved Am · 
plitudes at the Riſing or Setting of the Sun, be * 

0 


: 
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of the ſame Name, 7. e. either both North, or both 
South, their Difference is the Variation: But if they 
be of different Names, 1. e. one North and the o- 
ther South, their Sum is the Yariation. Again, if 
the true and obſerved Azimuths be both of the 
fame Name, 7. e. either both Eaſt or both Weſt, 
their Difference is the Variation; but if they be of 
different Names their Sum is the Variation: And to 
know whether the Variation is Eafterly or Weſterly, 
obſerve this general Rule, vx. 

Let the Obſerver's Face be nd to the Sun, 
then if the true Amplitude or Azimuth be to the 
right. Hand of the obſerved, the Variation is Eaſterly ; ; 
but if to the left, Weſterly. | 

To explain which, let NESW repreſent a Com- 
pals, and ſuppoſe the Sun is really EIS at the 
time of Obſervation, but the Obſerver ſees him off 


the Eaſt point of the Compal, and ſo the true Am 
plitude or Azimuth of the Sun, is to the right of 
the Magnetic, or obſeryed ; here tis evident that 
88 the 
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the Eh S Point of the Compaſs ought to lie where 
the Eaſt point is, and ſo the North where the N&W 
is; conſequently the North Point of the Compals is 
a Point too far Eaſt, i. e. the Variation in this Caſe 
is Eaſterly. The fame will hold when the Ampli- 
tude or Azimuth is taken on the Weſt fide: of the 
Meridian. | | 8 
Again, let the true Amplitude or Azimuth be t 
the left Hand of the obſerved; thus ſuppoſe the Sun 
is really E N at the time of Obſervation, but the 
Obſerver ſees him off the Eaſt Point of the Compaſs, 
and ſo the true Amplitude or Azimuth to the Left 


of the obſerved : e it is evident that the EN 


point of the Compaſs bought to ſtand where the Eaſt 
point is, and fo the North where the N& E point 
1s z conſequently the North point of the Compaſſes 
lies a point too far Weſterly, ſo in this Caſe the Va- 
riation is Weſt. The ſame will hold when the Sun 
is obſerved on the Weſt ſide of the Meridian. 


Example 1. 


Suppoſe the Sun's true Amplitude at Riſing is 
found to be E 14%, 20! N, but by the Compals it is 
found to be E 26%, 12! N. Required the Varia- 
tion, and which way it is. 

Since they are both the ſame way therefore 
From the Magnetick Amplitude E 269, 12! N. 

take the true Amplitude — E 14%, 20! N. 


and there remains the Variation — 11, 52 E. 


which is Eaſterly becauſe in this Caſe the true Am- 
plitude is to the Right of the obſerved, 
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Example 2. 


Suppoſe the Sun's true Amplitude at Setting is 
W 34*, 26/8, and his Magnetick Amplitude W 23, 
13! S. Required the Variation and which way it is. 
Since they lie both the ſame way, therefore 
From the Sun's true Amplitude W 34%, 26'S. 
take the Magnetick Amplitude W 23, 13/8. 


there remains the Variation — 11, 13 W. 


which is Weſterly becauſe the true Amplitude in 
this Caſe is to the left Hand of the obſerved. 


Example 3. 


' Suppoſe the Sun's true Altitude at Riſing is 
found to be E 13%, 24! N, and his Magnetick 
E 129, 32! S. Required the Variation, and which 
way it lies. | 
Since the true and obſerved Amplitudes lie dif- 
ferent ways, therefore 509 
To the true Amplitude — E 13%, 24/ N. 
add the Magnetick Amplitude E 12, 32 8 


+ the Sum is the Variation — — 25, 56 W. 


which is Weſterly, becauſe the true Amplitude is, 
in this Caſe, to the Left of the obſerved. 


Example 4. 


2 the Sun's true Amplitude at Setting is 
found to be W 89, 24 N, but his Magnetick Am- 
plitude is W 109% 13'S, Required the Variation. 


To 
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To the true ' Amplitude —— W 3, 24} N. 
add the Magnetick— — —. 130 8. 
the Sum 1s the Variation— 5 


which is Eaſterly, becauſe the true . is 
to the Right of the obſerved. 


Example 5. 


Suppoſe the Sun's true Azimuth at the time of 
Obſervation, is found to be N 86, 4o/.E, but by 
the Compals it is N 73*, 24 E. Required the Va- 
riation, and which way it lies. 


From the Sun's true Azimuth, N. 869, 40“ E. 
take the Magnetical, —— N. 73, 24 E. 


There remains the Variation, — 13, 16 E. 


which is Eaſterly, becauſe the true Azimuth is to 
the right of the obſerved. 


Example 6. 


Suppoſe the Sun's true Azimuth 1 is S. 39, 24/ E. 
and the Magnetical S. 4%, 36! W. Required the 
Variation, and which way 1t lies. 


To the true Azimuth — — 8. 3, 24' E. 
add the Magnetical Azimuth. S. 4, 36 W. 


The Sum is the Variation.— 8, oo W. 


which is Weſterly, becauſe the true Azimuth is 


(in this Caſe) to the Left of the obſerved. 


10. The Variation of the Compaſs was firſt 
obſerved at London, in the Year 1580, to be 11“, 
15“ Eaſterly, and in the Year 1622 it was 6?, 
of, E. alſo in the Year 1634, it was 4%, 05 E. 
ill decreaſing, and the Needle approaching the. 
true Meridian, till it coincided with it, and then 

X 2 there 
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there was no Variation; after which, the Variation 
began to be weſterly, and in the Year 1672, it was 
obſerved to be 29, 30 W, alſo in the Year 1683, 
it was 4 zol W. and ſince that time the Varia- 
tion ſtill continues at London to increaſe weſterly; 
but how far it will go that way, Time and Ob- 
ſervations will probably be the only means to diſ- 
cover. | 
Again, at Paris, in the Year 1640 the Varia- 
tion was 30, oo! E. and in the Year 1666, there 
was no Variation; but in the Year 1681, it was 
29, 30! W. and till continues to go weſterly. | 
In ſhort, from Obſervations made in different 
Parts of the World, it appears, that in different 
Places the Variation differs both as to it's Quantity 
and Denomination, it being Eaſt in one place, 
and Weſt. in another; the true Cauſe and Theory 
of which, for want of a ſufficient number of Ob- 
ſervations, has not as yet been fully explained. 


er XIV. 


The Method of keeping a Journal at Sea, and how to 
Corref it, by making proper Allowances for the 
Lee-way, Variation, G&c. 


1. I EE-WAY is the Angle that the Rumb- 

Line upon which the Ship endeavours to 
Sail, makes with the Rumb ſhe really fails upon. 
This is occaſioned by the force of the Wind, or 
Surge of the Sea, when ſhe lies to the windward, 
or is cloſe haul'd, which cauſes her to fall off and 
| I | glide 
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glide ſide-ways from the Point of the Compaſs ſhe 
capes at. Thus let NESW repreſent the Compaſs 
and ſuppoſe a Ship at N 
C capes at, or endea- | 
vours to fail upon the 
Rumb Ca; but by 
the force of the Wind, 
and Surge of the Sea, 
ſhe's obliged to fall 
off, and make her 
way good upon the 
Rumb C5; then the 
Angle 4 C is the 
TLiee-way, and if that 8 : 
Angle be equal to one Point, the Ship is ſaid to 
make one Point Lee-way, and if equal to two 
Points, the Ship is ſaid to make two Points Lee- 
way, &c. N 
2. The Quantity of this Angle is very uncer- 
tain, becauſe ſome Ships, with the ſame quantity 
of Sail, and with the ſame Gale, will make more 
Lee-way than others; it depending much upon 
the Mould and Trim of the Ship, and the quanti- 
ty of Water that ſhe draws. The common Allow- 
ances that are generally made for the Lee-way, are 
as follows : 

1. If a Ship be cloſe hauPd, has all her Sails 
ſet, the Water ſmooth, and a moderate Gale of 
Wind, ſhe is then ſuppoſed to make little or no 
Lee-way. | 

2. If it blow ſo freſh as to cauſe the ſmall Sails ta 
be handed, tis uſual to allow one Point. 

2. If it blow ſo hard that the Top-fails muſt 
be cloſe reeft, then the common Allowance is twa 
Points for Lee-way. 

4. If one Top-ſail muſt be handed, then the 
Ship is ſuppoſed to make between two and three 


Points Lee-way, 
X 3 | 5. When 
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5. When both Top-ſails muſt be handed, then 
the Allowance is about four Points for Lee-way. 


6. If it blows ſo hard, as to occaſion the Fore- 
Courſe to be handed, the Allowance 1s berween 
5 3 and 6 Points. 


7. When both Main and Fore-Courſes muſt be 
handed, then 6 or 6 1 Points are commonly al- 
lowed for Lee-way. 


8. When the Mizen is handed, and the Ship is 
trying a Hull, ſhe is then commonly allowed about 
7 Points for Lee-way. 6 

2. Tho? theſe Rules, are ſuch as are gene- 
rally made uſe of, yet ſince — 22 4 

nds much upon the 

A — Mould and Trim of 

the Ship, *tis evident 

| that they can't exactly 

0 | ſerve to every Ship; 
N and therefore the beſt 

= & way is to find it by 

2 2 Obſervation: Thus, let 

wy I the Ship's Wake be ſet 
2 by a Compaſs in the 

e md the:oppo- 
ſite Rumb is the true 
Courſe made good by 
the Ship; then the dif- 

8 ference between this 
and the Courſe given by the Compaſs in the 
Bittacle, is the Lee-way required. If the Ship 
be within fight of Land ; then the Lee-way may 
be exactly found by obſerving a Point on the 
Land which continues to bear the ſame way, and 
the diſtance between the Point of the Compaſs it 
lies upon, and the Point the Ship capes at, will be 
the Zee-way. Thus, ſuppoſe a Ship at C, is ly- 


ing 
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ing up NV W towards A; but inſtead of keeping 
that Courſe, ſhe is carried on the NNE Line 
CB, and conſequently the Point B continues to 
bear the ſame way from the Ship: Here *tis evi- 
dent, that the Angle ACB, or the diſtance be- 
tween the N 5 W Line that the Ship capes at, and 
the N NE Line that the Ship really fails upon, 
will be the Lee-way. | | 

4. Having the Courſe ſteered, and the Lee-way 
given, we may from thence find the true Courſe 
by the following Method, viz. Let your Face be 
turned directly to the Windward, and if the Ship 
have her Larboard Tacks on Board, count the 
\ Lee-way from the Courſe ſteered toward the Right- 
hand ; but if the Starboard Tacks be on board, 
then count it from the Courſe, fteered towards the 
Left-hand. Thus ſuppoſe the Wind at North, and 
the Ship lies up within 6 Points of the Wind, with - 
her Larboard Tacks on board, making one Point 
Lee-way ; here *tis plain, that the Courſe ſteered, 
is ENE, and the true Courſe E& N; alſo ſup- 
poſe the Wind is at NN W, and the Ship lies 
up within 6 x Points of the Wind with her Starboard 
Tacks on board, making 1 = Point Lee-way ; tis 
evident that the true Courſe, in this Caſe, is 
WSW. 

5. We have ſhewed, in the laſt Section, how to 
find the Variation of the Compaſs ; and from what 
has been faid there, we have this general Rule 
for finding the Ship's true Courſe, having the 
Courſe ſteered and the Variation given, viz. Let 
your Face be turned towards the Point of the Com- 
> upon which the Ship is ſteered; and if the 

ariation be Eaſterly, count the 5 of it 
from the Courſe ſteered, towards the Right-hand; 
but if Weſterly, towards the Left-hand ; and the 
Courſe thus found, is the true Courſe ſteered. Thus, 
ſuppoſe the Courſe ſteered is N& E, and the Varia- 

; A'S. tion 


— 
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tion one Point Eaſterly.; then the true- Courſe 
ſteered, will be NNE: Alſo ſuppoſe the Courſe 
ſteered is NE E, and the Variation one Point 
Weſterly; then in this Caſe, the true Courſe will 
be N E, and ſo of others. 


Hence, by knowing the Lee-way Variation, and 


Courſe ſteered, we may from thence find the Ship's 


true Courſe ; but if there a Current under Foot, 
then that muſt be tried and proper Allowances 
made for it, as has been ſhown at Sec. XII. from 
thence to find the true Courſe, | 
6. After making all the proper Allowances far 
finding the Ship's true Court: e, and making as Juſt 
an Eſtimate of the diſtance as we can; yet by 
reaſon of the many Accidents that attend a Ship in 
a Days running, ſuch as different Rates of * * 
between the times of heaving the Log, the want 
of due Care at the Helm, by not keping her 
ſteady, but ſuffering her to yaw and fall off, ſud- 
. dain Storms when no Account can be kept, Sc. 
the Latitude, by Account, frequently differs from 
the Latitude by Obſervation, and when that hap- 
pens, *tis evident there muſt be ſome Error in the 
Reckoning; to diſcover which and where it lies, 
and alſo how to correct the Reckoning, you may 
obſerve the following Rules. 
1. If the Ship fail near the Meridian, or within 
2 or 21 Points thereof; then if the Latitude 
by Account, diſagrees with the Latitude by 
Obſervation, *tis molt likely that the Error lies in 
the diſtance run ; for it 1s plain that 1n this Caſe it 
will require a very ſenſible Error in the Courſe to 
make any conſiderable Error in the Difference of 
Latitude, which can't well happen, if due care be 
taken at the Helm, and proper Allowances be 
made for the Lee-way, Variation, and Currents. 
Conſequently if the Courſe be pretty near the 
Truth, and the Error in the Diſtance run regu- 
 aarly 
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larly thro? the whole, we may from the Latitude, 
obtained by Obſervation, correct the Diſtance and 
Departure by Account, by the Inorg Analo- 
gies, Vix. 


As the Difference of Latitude by Account 
is to the true Difference of Latitude, 

ſo is the Departure by Account 
to the true Departure, 
and ſo is the direct Diſtance by Account 
to the true direct Diſtance, 


The Reaſon of this is plain, for let A B denote 
the Meridian of the Ship at A, and ſuppoſe the Ship 
| fails upon the Rumb AE near the A 

Meridian, till by Account ſhe is found 
in C, and conſequently her Difference 
of Latitude by Account is AB; but 
by Obſervation ſhe's found in the 
Parallel E D, and ſo her true 
Difference of Latitude is A D, 
her true Diſtance A E, and her. : 
true Departure D E; then ſince B Ei" 
the Triangles ABC, ADE are D E 
ſimilar, it will be AB: AD::BC;:DEand AB: 
AD::AC:AE. 


Example. 


Suppoſe a Ship from the Latitude of 45: 200 
North, after having ſailed upon ſeveral Courſes near 
the Meridian for 24 Hours, her Difference of Lati- 
tude is computed to be upon the whole 95 Miles 
Southerly, and her Departure 34 Miles Eaſterly; but 
by Obſervation ſhe is found to be in Latitude of 
435% 10! North, and conſequently her true Diffe- 
rence of Latitude is 130 Miles Southerly ; then 
for the true Departure it will be. As the Diffe- 
rence of Latitude by Account 95, is to the true 

Difference 
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Difference of Latitude 130, ſo is the Departure by 
Account 34, to the true Departure 46.52, and fo 
is the Diſtance by Account 100.9, to the true Di- 
ſtance 138. 

2. If the Courſes are for the moſt part near the 
Parallel of Eaſt and Weſt, and the direct Courſe 
be within 5x or 6 Points of the Meridian; then 
if the Latitude by Account differs from the ob- 
ſerved Latitude, it is moſt probable that the Error 
lies in the Courſe, or Diſtance, or perhaps both; 
for in this Caſe tis evident, the Departure by Ac- 
count will be very nearly true; and thence, by 
the help of this, and the true Difference of Lati- 
tude, may the true Courſe and direct Diſtance be 
readily found by Caſe 4. of Plain Sailing. © 


Example, 


Suppoſe a Ship from the Latitude of 43, 500 
North, after having ſailed upon ſeveral Courſes 
near the Parallel of Eaſt and Weſt, for the Space 
of 24 Hours, is found by dead Reckoning to be in 
the Latitude of 42, 45 North, and to have made 
160 Miles of Weſting ; but by a good Obſervation 
the Ship is found to be in the Latitude of 42%, 
25! North. Required the true Courſe, and Direct 
diſtance failed. 

With the true Difference of Latitude 75 Miles, 
and Departure 160 Miles, we ſhall find (by Caſe 

4. of Plain Sailing) the true Courſe to be 8 
64% 53! W, and the direct Diſtance 176.7 
tles. 

2. If the Courſes are for the moſt part near the 
middle of the Quadrant, and the direct Courſe 
within 2 and 6 Points of the Meridian ; then the 
Error may be either in the Courſe, or in the Di- 
ſtance, or in both, which will cauſe an Error 
both in the Difference of Latitude and Depar- 


2 ture, 
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ture, to correct which, having found the true 
Difference of Latitude by Obſervation; with 
this, and the direct Diſtance by dead Rockoning, 
find a new Departure (by Caſe 3. f Plain Sailing) 
then half the Sum of this Departure, and that 
by dead Reckoning, will be nearly equal to the 
true Departure; and conſequently with this, and 
the true Difference of Latitude, we may (by Caſe 
4. of Plain Sailing) find the true Courſe and Di- 


ſtance. 
Example. 


Suppoſe a Ship from the Latitude of 44, 38 
North fails between South and Eaſt upon ſeveral 
Courſes, near. the middle of the Quadrant, for 
the Space of 24: Hours, and 1s then found, *by 
dead Reckoning to be in the Latitude of 429, 15! 
North, and to have made of Eaſting 136 Miles; 
but by Obſervation ſhe's found to be in the Lati- - 
tude of 429%, 04! North. Required her true Courſe _ 
and Diſtance. _ 2 6 


With the true Difference of Latitude 154 Miles, 
and the direct Diſtance by dead Reckoning 197.4 
you'll find (by Caſe 3. of Plain Sailing) the new De- 
parture to be 123.4, and half the Sum of this and 

the Departure by dead Reckoning will be 124.7 
the true Departure ; then with this, and the true 
Difference of Latitude, you'll find (by Caſe 4. of 
Plain Sailing) the true Courſe to be S 39®, oo! E, 
and the dire& Diſtance 198.2 Mules. 


7. In keeping a Ship's Reckoning at Sea, the 
common Method is to take from the Log-board 
the ſeveral Courſes and Diſtances ſtemmed by the 
Ship laſt 24 Hours, and to transfer theſe toge- 
ther with the moſt remarkable Occurrences into 
the Zog-Book, in which alſo are inſerted the Courſes 


corrected, 
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corrected, and the Difference of Latitude and Dif- 
ference of Longitude made good upon each; then 
the whole Day's work being finiſhed in the Log- 
Book, it the Latitude by Account agree with 
the Latitude by Obſervation, the Ship's place will 
be truely determined; if not, then the Reckon- 
ing mult be corrected according to the ER 
ing Rules, and placed in the Journal. 


The Form of the L- Boot and Journal, together 
with an Example of 2 Days work, you have here 
ſubjoined. 


Note, To expreſs the Days of the Week, they 
commonly uſe the Characters by which the Sun 
and Planets are expreſſed, viz. © denotes Sunday, 


D Monday, à Tueſday, & Wedneſday, u Thurſday, 
2 * and Þ denotes Saturday. | 


| The FORM of the 
LOGBOOK 


With the Manner of working Days 


Works at Sea. 


2 


— 
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The Log-Book. 


2 
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Courſes. 


Winds. 


N NE, diſtance 
five Leagues. 


| 


Obſervations and 
Accidents. D — 
Day of 
Fair Weather, at | 
four this Afternoon 
I took my Depar- 
ture from the Li- 
zard, in the Lati- 
tude of 3, oo! 
North, it bearing 


1 s 
The Gale increa- 
ſing and being un- 
der all our Sails. 

After three this 
Morning, frequent 
Showers with thick 
Weather till near 
Noon. 


The Variation I 
reckon to be one 
Point Weſterly. 


a Journal at Sea. 


— 77 Log-Book. |. 
Courſes Correct. Diſt. Diff. Lat. Diff. Long. 
Weft 
88S W 50 46.2 29.4 
SSW 19 18.6 5.5 
SW 449 29.7 45˙5 

S WIS [24.5] | 20.2] . | 20.0 
S WIS [25-5] | 19-5] 24.6 
134.2 123. 0 


Hence the Ship, by Account, has come to the 
Latitude of 47%, 46! North, and has differed her 
Longitude 2%, 5! Weſterly; ſo this Day I have 
made my Way good S 31, 31! W, diſtance 
157.4 Miles. 


At Noon the Lizard bore from me N 31, 311 
E Diſtance 157.4 Miles, and having obſerved the 
Latitude, I found it agreed with the Latitude by 
Account. | 
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The Log-Book. 
H. K. EK. Courſes. Winds. ] Obſervations and 
Accidents, & — 
: 2 | I Day of 
14 2 SSW W his 24 Hours, 
2] 1] 1 |Handed the Main|ſtrong Gale of 
2| 1] 1 [and Fore Courſes] Wind and Vari- 
4] 1] 1 |Lee-way 6 Points. able. 
51 1 1 | - 
6] 1 T 
l 
8 1 1 | The Wind increa- I 
19 | ſing, we tried a The Variation Ti 
1011 Hull, Lee-way 57 judge to be 1 
„„ Point Weſt. 
1248 a 
I] 2; |SW4W NW4W 
21 1 [Set Main-ſail Lee- 
3] 1] | way 4+ Points. 
VT — 8 
8 10 
6111 
i A Bn 
$| 4 SSE SW4hW 
9 4 1 |Set Fore-ſail, Lee- 
10 4 1 [way 3 Points. 
11 5 Lat. by Obſerva- | 
12 +| I tion, 47%, 06! N. 


,» 
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* 


The Log- Book. | 
Courſes Correct. Diſt. | Diff. Lat. | Diff. Long. 


„ Nj S | E F W 
SEZE 32.35 [17.8 377 ; 
ESE 6 4.2.3 10.6 . 
SIE Jog |- | 8.9 1.3 = 


29.0 [49.6 | 
Hence the Ship, by Account, has come to' the 


Latitude of 47, 17! North, and has differed her 


Longitude 49! Eaſterly ; conſequently ſhe has 
got 1, 16' to the Weſtward of the Lizard, and 


has made her Way good the laſt 24 Hours, $ 49 : 
o8' E, Diſtance 44-3 Miles. 


At Noon the Lizard bore from me North 179 oY 
7! Eaſt, Diſtance 170.6 Miles. 


This Day I had an Obſervation,. and found the 
Latitude by Account to diſagree with the Latitude 
by Obſervation by 11 Minutes, I being ſo much 
further to the Southward than by dead Reckon- 
ing, which by the third of the preceding Rules I 


correct as in the Journal. 
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S'E CT. XV. 
OF MENS URATION. 


Def. HE Area of any plain Surface in Inches, 

Feet, or any other Meaſure, is the Num- 

ber of Square Inches, Feet, &c. that the Surface 
contains. 1 & of! of 

1. Let AB CD repreſent a Rectangular Paral- 

lelogram, and ſuppoſe the Side A B, or DC con- 


| urn E tains Six equal 
D * G Parts, and * 
G — FI H Side AD or BC 
F $ * 4 F three of the ſame 

| | = 2s Parts; then let 
A i tc Line i de 


moved along in the Direction of A D till it has 
come to EF, where AE or FB the diſtance of 
it from it's firſt Situation, may be equal to one 
of the equal Parts: Here *tis evident that the ge- 


nerated Parallelogram AB F E will contain as 


many Squares as the Side AB contains equal Parts 
(in this Caſe, fix), each Square having for it's 
Side one of the equal Parts into which KB or 


AD is divided. Again, let AB move on tilł ir 


comes to GH, fo as GE or HF may be equal 
to AE or BF, then 'tis plain that the Parallelo- 
gram AG HB will contain twice as many Squares 
as the Side A B contains equal Parts, each Square 
having one of the equal Parts, into which AB or 
AD is divided, for it's Side; and by the fame 
way of reaſoning, it will appear that the Parallelo- 
gram AD CB will contain three times as many 
Squares as the Side AB contains equal Parts, and 
in general, that every rectangular Parallelogram 

| 1 2 | contains 
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contains as many Squares as the Product of the 
Number of equal Parts in the Baſe multiplied into- 
the Number of the ſame equal Parts in the height 


contains Units, each Square having for it's Side 
one of the equal Parts. 1 


Hence ariſes the Solution of the following 
Ne. 


Problem 1. 
To find the Area of a Rectangular Parallelo- 


- Rule, Multiply the Baſe into the perpendicular 
Height, and the Product is the Area required. 


Example. 


Suppoſe the Baſe A B (ſee the preceding Fi- 
gure) of the Rectangular Parallelogram AB CD, 
is fox Inches in Length; and the perpendicular AD 
three Inches, required the Area NE that Parallelo- 

in Inches. 
6 the Baſe AB. 
- 3 the Perpendicular A D 
Product 18 the Area of the Parallclogram ABCD 
in Inches. | 


Problem 2. 


To find the Area of an Oblique-Angular Pa- 
rallelogram. - 

Rule. Multiply the Baſe into the perpendicular 
Height, and the Product is the Area. The Reaſon 
of this Rule is evident from Art. 69. Se, I. 


Example. 
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| Example, 

Suppoſe the Baſe | 2 ng 
A 4 the Ob-- D __ 70 
lique-Angular Pa- 72 
rallelogram A DCB e br Lge os 
is 30 Inches, and the * e D 
perpendicular BE I. 30 FLA, 


12 Inches. Required the Area in Inches. 
Mulciphing 3 30 the Baſe into 12 the perpendicu- 


lar Height, Product 360, is the Area or Num- 
ber of "ſquare Inches contained in the propoſeg "\ 
Fi Igure. 1. 4 5 | 
k — ai. 3; » ; 
Ko A Probe 3. a % / 


To find the Area's 8 — 
Rule. Multiply the Baſe into half the * 
cular Height, and the Product is the Area re- 
quired. The reaſon of this Rule is 3 from 
N 1 3 


Example. 


In the Triangle ABD, ſuppoſe the Baſe AD 
is 56 Feet, and the 

rpendicular B C 14, 
Required the Area, | 

The Baſe 56, mul- A 
tiplied into 7, half the 2 
perpendicular, gives 392 the Area or ſquare Feet 
contained in the given Triangle. | 


Problem 4. 2 


To find the Area of any irregular Figure. 
Y 3 Rule, 
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Of MENSURATION: 
Rule. Reduce the Fi igure to Triangles by draw- 


ing Diagonals therein; then find the Area of each 
Triangle and the Sum of theſe. in the Area of 5 


propoſed Fi igure, * 
* Example 
Required the Area of this 13 F igur 
ABDFHG 1 C. 
0 B . 
2 


Bm 78 „ee 
my 


— 


71 


It 


Draw the Pine onals E H, 'EF, ED, DC ae 
D A, which wil divide the Figure into fix Tri- 
angles, in each of which let fall from any one of 
5 Angles a. Perpendicular to the oppoſite Side; 

en ſuppoſing the Lengths of theſe'to be as they 
are expreſſed in the Fi Sure, the Ian will 


© 
- 
„ -N 
- * y * 
- 8 


ſtand as follows ; | 
2 IT 18) iS ** ABD 
7 — 18 +ir | ACD 
?:5% intos 16 10 40 | TheAreaofihe CED 
15 17 425,5 Triangle EPE 
3 [22] [69 | EFH 
4 L233 192 
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Problem g. 


To find the Area of any regular Polygon. 

Rule. Through any three of the Angular 
Points, draw a Circle (by Prob. 8. Seit. I.) which 
will paſs through the reſt alſo; then from the Center 
of this Circle ler fall upon any of the Sides a per- 
pendicular, and half this perpendicular multiplied 
into the Sum of the Sides wall give the Area re- 


quired, 


Required the Area of $ 
the Hlanggn AB HD Ee 
HF, the Center of whoſe 4 
circumſcribed Circle is C, 
and the perpendicular E. 
CG from the Center up- 
on one of the Sides is 
20.8, each Side of the 
Poly; being 24 

The £ Sum 4 00 che Sides ; 
is 144. which multiplied by 10.4 half dhe ber. 
pendicular, gives 1497.6 the Area of the pro- 


poſed Hexagon. 
2. It has been found by Calculation that if the 


Diameter of a Circle be 1, the Circumference of the 
ſame will be 3.1416 nearly ; and conſequently the 


* — 2 — 226% „% „„ 


Diameter of any Circle will be to it's Circumfe- 


rence as 1 to 3.1416, & contra. * 

Cor. 1. Hence, multiplying the Diameter of any 
Circle by 3. 1416 the Product will be the Circumfe- 
rence. Thus, let the Diameter of a Circle be 26 ; 
then 36 multiplied by 3.1416 will give 113. e 
the Circumference of the * Circle, 


8 f Y 4 Cor, 


8 


N . . 
1 1 * a 
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Cor. 2, Hence, dividing the Circumference of 
a Circle by 3.1416, the Quotient will be the 
Diameter. So if the Circumference of a Circle 
be 75.3984; then this divided by 3.1416 will 
give 24 the Diameter of the propoſed. Circle, 

Now a Circle being a Polygon of an infinite 
Number of Sides, the Sum of. all. which is the Cir- 
cumference, and the perpendicular on any of ms 
. . therefore 


— : * „% 44 


"Problem 6. 


Given the Diameter of a Circle, to find it's 
Area. 25 
Rule. Firſt find the Circumference (by the firſt 
of the preceding Corollaries): then multiply that 

by half che * and the Product is the Area. 


7 92 Example. 


\ Required the Area of a Circle whoſe Diameter 


cx 
+ TA. 


rr Þ gad the Circumference is 113 .0976, 
which multipliec by 9, half the Radius, gives 
1017. 9784 the Area required. 


Problem 7. 


The 1 of a Circle given, to find 
it's Area. 
_ Rule. Find che” Diameter, by Cor. 2; then 
multiply the Circumference by half the Radius, 
and the Product is the Area. | 


* 


Required the Area of a Circle, 22 Circum- 
ference is 75.3984. 
83 Firſt, 
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Firfs, I find the Diameter to be 24; then 

multiplying the Circumference 75.3984 by half 

the Radius, viz. 6, 8 — 452: 3904 1s the 
Area required, 


Probim 8. 


To find the Area of an Ellipſe. 
Rule. Multiply the greateſt Diameter into the 
Jeaſt ; and the Product into 7854, ad this laſt 
Product is the Area. 2 


— — — — 


| Example, | 
Suppoſe in the Ellipſe A B C D the greateſt 
BT i 
| os a | 7 
* EO 5 
pt 38 & 205 
— — 61. eo 
. *», | _** o * \ a 
— * 


Diameter A C is 36, and the leaſt Diameter BD 
20. Required the Area of that Ellipfe. 
Multiplying 36 into 20, the Product is 720, 
which multiplied into 0854, gives 565.488 the 
Area of the propoſed El =” | 
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3. A Solid is that which has length, breadth, and 

92's ei 1 41. A Cube is a Solid 
err Thus the So- 
ld ABCGFEHD 


_ bounded by the ſix e- 
qual Squares A BCD, 
D FG, ADFE, 
AB HE, BC GH 
and HGF E is a 
Cube. . 

If the terminating be ſquare Inches, 
then the Solid is called a Cubic Inch; if ſquare 
Feet, à Cubic Foot, C. 

5. The Solidity of any Body in Inches, Feet, 
Sc. is the Number of Cubic Inches, Feet, Cc. 
the Body contains. 8 

6. A Parallelipiped is à Solid terminated by ſux 


| Quadrilatgral Figures, of which each two oppoſite 


- . ”- PSS 


F\ * 
, * - * 0 —_ 0 
0 


* 
. — 
120 


Se. 


> GT 
er ot - 1 KY 
4 1 12 . 4 bag q \ | * 
—— — —— — | 
to one another are equal and parallel, as A B CG, 
FDHE. | 174 


The Solidity of this Body is found by multiplying 
the Length, Breadth, and Thickneſs, into one ano- 
ther; and the Product is that required. | 

Example. Suppoſe in the Parallelipiped ABC 
36 Feet, the 
Breadth DF 16, and the Thickneſs FG 12; 2 

| | theie 
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theſe three multiplied into one another will give 
6912 for the Solidity, or number of. Cubic Feet the 
propoſed Body contains. z e i ,} 
The Area of the Surface, or ſuperficial Con- 
tent of that Body, is found by taking the Sum of 
the Areas of the Quadrilateral Figures that termi- 
If in a rectangular Parallelogram A CG F, 
_— Sides G C remain. fixed, and the Paralle- 
am move quite round © 207 20 

to it's farſt Place; then the * 
generated Solid A DHF / 
is called a Cylinder. ( 
The Solidity of this go . 
dy is found by multipy⸗-⸗ lk DD 
ing the Area of one of it's circular Baſes into the 
Length. Thus let the Radius A C of one of the 
Baſes of the Cylinder be 6 Inches, and the Length 
AF 36; then the Area of the Baſe AB DE will 
be 113.0976 (by Problem 6.) which multiplied 
into the Length 36, gives 401.136 for the 
Solidity. | 1 1 

The ſuperficial Content is found by multiplying 
the Circumference of one of the Baſes into the 
Length, and to the Product adding the Areas of 
the two Baſes. | | 
8. Solids that decreaſe from the Baſe gradu- 
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called Pyramids, and are of different Kinds, ac- 
cording to the Figure of their Baſes. Thus a 
Pyramid, having a Triangular Baſe, is called a 
Triangular Pyramid, as AB CH, and if the Baſe 
be à Parallelogram, it is called a Parallelogramick 
Pyramid as DEF GK, and if a Circle, it is called a 
Cicular Pyramid, or fimply a Cone, as LMN, 
Sc. The Point in which the Pyramid ends, is 
called, the Vertex, and a Line drawn from the 
Vertex perpendicular to che ano Mn alled, the 
Height of the P yramid.. 125 | 

The Sy © of a Dpa 5 is found »h AY 

lying the Area of the Baſe into 4 the Height. 

Thus ſuppoſe the Diameter of the Baſe of a Cone 

is 24 Inches, and the Height 31; then the Area 
of the Baſe will be 452.3904, which multiplied by 
17, the third Part of the Height, gives 7690.6368. 
The ſuperficial Content of a Cone is found by 
multiplying the Circumference of the Baſe into 
half the Tabs joining the Vertex and any Point in 
that Circumference, and to that Product adding the 
Arca of the Baſe. 

9. If a Semicircle be turned quite round upon it's 
2— as an Axis, it wil generate a Solid called 
a Globe or Sphere. 

The Area of the 1 of a Globe, is found 
by multiplying the Diameter into the Circumfe- 
rence of a great Circle upon it. Thus ſuppoſe the 
Diameter of a Globe is 16 Inches; then the 
Circumference of a great Circle upon that Globe 
will be 50.2656, which multiplied by 16 the 

iameter, gives 804.2496 for the ſuperfictal Con- 
tent in Inches. 

The Solidity of a Globe, is found multiply ing 
the ſuperficial Content by 5 the Diameter. Thus 
ſuppoſe the Diameter, of a Globe is 18, then 
the Area of the Surface will be 1017.8984 which 
* — by 3 gives 3053. "I 52 for the wn 

f 10. We. 


+3 
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10. We have ſhewn how to find the Solidity of 
a Cone, having the Diameter of the Baſe, and 
the Height given, and thence we have a Method 
of finding the Solidity of a Fruſtum of a Cone, 
haying the Diameter of the two Baſes and the 
Height of the Fruſtum given. Let FB DG de- 
note a Fruſtum of the Cone A B D, B D the 
greateſt, and F G the leaſt. Diameter of the Fru- 
ſtum. Join the Vertex of the Cone A, and the 
Center of the Baſe C with 5 825 

the right Line A C, which A 

will paſs thro! H the Cen- E 
ter of the leaſt Baſe of the 
Fruſtum, and thro'ꝰ G draw 
GE parallel to A C, which 
will be equal to HC, the 
Height of the Fruſtum; 
then 'tis evident that ED 
will be the difference be- 
tween the greateſt and leaſt 
Semidiameters of the Fru- 


ſtum, and ſince the Tri- . 
angles ACD and GED. BN 
are ſimilar, therefore (by * 
Art. 74. Seek. I.) DE: DC:: EG: CA, i. e. as 
the difference between the greateſt and leaſt Semidi- 


ameters of the Fruſtum, is to the greateſt Semidi- 


ameter, ſo is the Height of the Fruſtum, to the 
Height of the whole Cone. Conſequently having 
the Diameter of the Baſe, and Height of the whole 
Cone we can find it's Solidity; and from A C, the 
Height of the whole Cone, taking C H the Height 
of the Fruſtum, we have A H the Height of the 
Cone cut off, with which, and the Baſe FG, which 
is given, we may find the Solidity of the Cone 
cut off, AFG. Conſequently from the -Solidity 


of the whole Cone ABD taking the Solidity of 


the ſmall Cone A F G, there-will remain the Soli- 
dity of the Fruſtum FB DG, Example, 
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Example. Suppoſe the greateſt Diameter of the 
Fruſtum of a Cone is 20 and the leaſt 12, and 
the height 12; then the difference between the two 
Semidiameters will be 4, and making it as 4: 10 : : 
12 : 30; we have 3o for the Height of the whole 
Cone, and from 30 taking 12, there remains 18 
the Height of the leaſt Cone; fo the Solidity of 
the whole Cone is 3141.6, and the Solidity of 
the leaſt Cone is 678.5856, the difference of theſe 
is 2463.0144, which is the Solidity of the pro- 

poſed Fruſtum. | : 

The Superficial Content of a Fruſtum of a Cone 
is found by adding to the ſuperficial Content of the 
whole Cone, twice the Area of the Baſe of the 
ſmall Cone, and from that Sum taking the ſu- 
perficial Content of the ſmall Cone. 
11. We have in the preceding part of this 

Bock, ſhewn the Uſe of Plain Trigonometry in 
ſolving Problems of Navigation; and now we ſhall 
apply it in the following Problems, to the Mea- 
ſuring the Heights of acceſſable and inacceſſable 


Problem 1. 


To find the Height of any acceſſable Object. 
Let B C be the Object to be obſerved, and from 
any Point A in the Level upon which the Object 
d ſtands, let the Angle of 
| Altitude C A B be ob- 
ſerved, and meaſure the 
diſtance A B; then in the 
Right Angled Triangle 
ABC are given the two 
_ oblique Angles A and C, 
1 and the Side A B, whence 
to find BC it will be, by Caſe 1. of Retiangular 


Trigonometry | 
ms R T. A:: AB: BC. 


Example, 
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Example. Suppoſe the Angle of Altitude C A B 
is 37%, 24“ and the * AB 116 Feet, then 
for BC it will be 
As Radius — 1000000 

is to the Tang. of Altitude 37% 24 — 9.88347 
fois AB — — — 116 — 2.06446 
tothe Height of the Object BC 88.69 — 1.94787 

Note, In taking the Height of any Object, if 
the Eye be not in the Level upon which the Ob- 
ject ſtands z then to or from the E Hei right found, you 
muſt add or ſubtract the diſtance of the Eye from 
the Level, according as it is placed above or below 


it, and the Sum, or Difference, is the true Height 


of the Object. 

The Height of an acceſſable Obj ect may alſo 
be found by means of it's Shadow. "Thus ſuppoſe 
CB is the Object and BA, it's Shadow, cauſed 


by the Sun at 8, and let DE be a Stick of a 
known length, placed perpendicular to the Line of 
the Shadow, A in ſome Point of it D, ſo as the 
Extremity of the Shadows of the Object and Stick 
may coincide at A. Meaſure A D and A B the 


Lengths of the Shadows, and then fince E D 


and CB are both perpendicular to A B, it 


will be; as A D the Stick's Shadow, is to D E 


the Length of the Stick, ſo is A B the Object's 
Shadow, to C B the Height of the Object. 


Problem 
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| Problem a. 


To find the Altitude of the Su by the Length 
of the Shadow of an acceſſable Object, Whoſe 
meaſure is alſo. known. 


Let CB repreſent a Stick, or any other ac- 
3 Object of a known Length, ' ſtanding 
perpendicular to the Ho- 
indo Plain A'B, and 
let AB be it's Shadow 
made by the Sun at S. Mea- 
ſure the length of the Sha- 
dow A B, and then in the 
© Right Angled Triangle A 
B C are given the two Sides 
| AB and BC, whence to find the Angle CAB, or 
the Altitude of the Sun at the time of Obſervation, 
it will be, by Caſe 4. of Reftangular 7 . 
& C:: R: T. A. 
Example. Suppoſe the Stick B C is 4 Feet, and 


the Shadow of it AB 3, then for the Sun's Alti- 
tude it will be 


As the Length of the Shadow 5 — 0.69897 
is to the Length of the Stick — 4 — 0.60206 
ſo is Radius — — — — —— 10.00000 
to the Tang; of the Sun's Alt. 389, 39! 9.90309 


Problem 4. 


To find the Height und Diſtance of. an inac- 
ceflable Object. 

Let D E repreſent an " inncceſſable Object, ad 
B a Point in the Horizontal Plane on which it 
ſands, and from whence we can obſerve the Angle 
of Altitude DB E. At any other Point in the ſame 


Fun as A, obſerve the Angle of Altitude DA E 
2 | an 
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and meaſure the Length of A B the Diſtance be- 
tween the two Stations A and B; then in the Tri- 


— 


angle ABD having the external Angle DBE ! to⸗ 

| rg with the internal oppoſite one A, we have 

the Angle A DB (by Arr. 60. Sz. I) and alſo 

the Side AB; whence for BD the Hypothenuſe of 

the. right angled Triangle DBE, it will be, by 

Caſe 2. of Obligue Angled 7 rigonometry.. £5 n 
S. ADB: AB.: S. A: B D. | 


Then in the Right Angled Triangle BDE are 
given the Hypothenuſe B D and the Oblique 
Angles ; ; whence for D E the Height of the Ob- 
ject, it will be, 2 3 3. of Rectangular Trigo- 


nometry, YR! 
R: 8. D B E::BD: DE. 
And for B E the Diſtance of the Object from 
the neareſt Station, it will be, by the ſame, 
R.: S. BD E:: BD: BE. 


| Example Suppoſe the Angle of Altitude at B 
is 4:3 » Zo! and at A 32%, 12/'and the Diſtance 
AB between the two Stations is 112 Feet; then the 
Angle ADB will be 115, 18 and the Angle B 
DE will 46, 30. Hence for B D it will be 
As the Sine of ADB — 11% 18“ — 9.29214 


is to AB — — — 112) — — 2.04922 


ſo is the Sine of A — 329, 121 — 9.72663 
to 3D — — — 304.6 — — 2.48371 
4 Then 


— — 
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e SURVEYING; 

Then for _ ths Height © of Uhr. aud; 
will be. 9013 ; 
As Radius — — “h — — 4 10.00000 
is to the Sine of DBE 43% 3o! — 9.83781 
fois BD — — — 304.6 — 2.48371 
to DE — — — 209.7 — 2.32152 

Laſtly, For BE the Diſtance of the Object 
from the ſt Station it will be, 


As Radius —— — 10.00000 
is to the dine of BDE 469, =O — 9.86056 
fois BD — — — 2046 —* 2.48371 
to BE — — — 221 — - 273427 
u die ct ſtands y pon a Riſing Ground, then 
find the Helgd t of the Objcdt above the Plain on 
wes you 5 12 the af Problem)] as alſo the 
1 2 of ſome Pee on the Riſing Ground neat 
Foo: of the Object, and this laſt Height tak 
from the former will give the true * of 

. Object. | 1 


SECT. XVI, 
t Of SURVEYING. 


HE Inftruments chiefly in Uſe for taking 
Angles in the Field are, the Plain-Tadle, 
n a Compaſs, Semicirde, &c. The Nature 
and Uſe of which is much eaſier obtained by view- 
ing the Inſtruments themſelves, than by a Deſcrip- 
tion of them, from their Draughts upon Paper. 
2. To meaſure Diſtances upon the Field, they 
commonly Uſe Mr Gunter's Chain, which contains 
22 Yards in Length, the fourth Part of which 
Is 257 2 or 261 Feet, is called a Perch ot Pale; 
=] — conſequently 
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. conſequently a ſquare Chain contains 16 ſquare 
Poles, and ſince an Acre contains 10 ſquare Chains, 
therefore 160 ſquare Poles is equal to one Acre. 
This Chain is commonly. divided into 100 equal 
Parts called Links, and is ſometimes marked at 
3's "decimal, for the HOARY of ae 
ec! 


| -0 1 nes x. 
' To nd hs Piſtance of any Object n a gi- 


yen Point, 
Let the Object be D, and the given Point A; 
then let the diſtance between A and _y other 
Point B (from wWhence we can 126 
ſee the Object) be meaſured, A | B 
and (ee, a Semicircle, oer 
any other proper Inſtru- 
ment, take the Angles D © 
AB and ABD; chen in 
the Triangle ABD are *, 
given . cd and the 
Side AB, whence to find 
the Side A jt will be, by 
Caſe 2. of Oblique Angled D 
TRYRY 


8. D: AB:: S. B; AD. 


Example. "Suppoſe B A is 126 Feet; the Angle 
A 98, 9. the " Angle B 46%, 331 and conſe- 
quently t the Angle D 35%5w 20/3 then for A D it 
will be 
As che Nr 3355 200 — 9.76216 

is to the diſtance AB — 126 — = 2.10037 

ſo is the Sine of B — 46%, 23! — 9.86092 

to the diſt. between A and D x58.2 — 2.19911 
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Problem 2. ti... 
uy, find the Diſtance between two inacceſſible 


5 

t the two Objects be A and B, to which we 
cannot approach, being hindered by a River, Cc. 
141 — b B aſſume in ſome con- 
venient Place two 
Points C and D, 
from each of which 
you can ſee the two 
Objects; and mea- 
ſure the diſtance be- 
| . tween them; then at 
D the Point C obſerve 
= Angles ACD and D CB, and at D 
obſerve the Angles C D B and C D A; ſo 
in the Triangle C D B are given the two An- 
gles BCD and C D B (and conſequently the 
Angle C B D) and the Side C D; whence | 
to find CB it will be S. CB D: S. CDB: 
CD: CB. Again, in the Triangle ACD are 
given the two Angles A C D and ADC (and con- 
ſequently the Angle CAD) and the Side CD, 
whence to find AC it will be S. CA D: 8. 
CDA: : CD:; C A. Laſtly, from the Angle 
ACD take the Angle D CB, and there will remain 
the Angle A CB; then in the Triangle A CB 
are given the two Sides A C and CB, and the 
included Angle A CB, whence AB, the diſtance 
between the two Objects is found by ec 5. of 
. 7. — 


A 


Example, 


of SURVEYING. qu 


| Example. | Suppoſe the Angle A C D is 94% 
350, the Angle BCD 41%, 25', the Angle 
CDB 103%, 14/, the Angle ADC 46“, 44! and 
the Side CD 144 Feet: Then 1ſt for CB it Sill: be 
As the Sine of CBD — 35%, 211 — 9.76236 
is to the Sine of CDB — 103, 14 — 9.98831 
ſo is CD — — 14 — — 2.15836 
„ i! Gp Con 238437 
Adly, For CA it will be 
As the Sine of CAD — 38, 21! — 1 
is to the Sine of CDA — 46, 4 — 9.86223 
ſo is CD — — — 144 — 2.76835 
o A — — 169.1 — 2968 


Laſtly, For AB it will be * 1 
As the Sum of the Sides ; 11 
» ACandCB-— — F/* 4 — 4.64426 


is to their Difference — 73. 2 ＋ 1. 1 66g 
ſo is the Tang. ofi the Sum 

of the Ang. CABand CBA f 630, 1615 = 0.29753 
to the Tang. of 3 their Diff. 19, 26 2 29 54778 

Then, 

As the Sine of CBA. 430 : We) — 9.84033 
is to the Sine of AC B 33, 30 — 9.90518 
fois AC — — 1691. —— 2.22803 
to AB — — — 196.3 — ' — 2.29288 
Conſequently the Diſtance between the two Ob- 

ep Kn 196.3 Feet. n 


Problem 3. 


To take the Plot of a F eld at one Station, in 
or near the middle of it; when we can from thence 
ſee all the Angles or Corners of che Field. . 

This may either be done by the Plain Table or 
Theodolite, or any of the other * above - 
mentioned. 


22 Let 
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Let AB CDE repreſent the Field; and firſt 
fuppole you are to plot it with the Plain- Table. 
Having planted the Table with a Sheet of White 
Paper, fixed upon it, in or near the middle of the 
Field, as at G; mark a Point upon the Paper to 
repreſent the Point of the Field on which the Table 
ſtands, and lay ing the Edge of your Index upon 
that Point, . and keeping it there, turn it about ſo, 
as you can thro* the Sights ſee one of the Angles 
as A; then from the Point, along the edge of 
NN *. * he Index draw the Line 
XK © "GA, and meaſuring the 
Diſtance on the Field 
from the Plain-Table to 
the Angle at A in Chains 
and Links, take it from 
any convenient Line of 
equal Parts, and ſet it off 
upon the Paper, from G 
do A along the Line GA; 
then (keeping the Table 
ſtill fixed as it was) turn 
the Index ſo as it lying with it's Edge upon the Point 
G, you may thro” the Sights ſee the Angle B, and 
drawing the Line G B, meaſure the Diſtance 'G B 
the Field, which ſet off upon the Table from 
to B; after the ſame manner drawing the Lines 
GC, GD and GE, and joining the extremities of 
them with the Right Lines AB, BC; CP, DE 
and E A, the Field is protracted, and the Lines 
BA, AE, Sc. taken from the Scale from which 
you protract the reſt, will give the Lengths of 
Hem in the Field oh ore Dn 
Jo perform the ſame with the Theodolite, place 
the Inſtrument in, or near, the middle of the Field, 
us at G, and ſo as the Needle may hang directly 
an uso 29710 273 fo vn o als 
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over the Meridian Line of the Chard, which let 
N NS repreſent; then direct your Sights from G 
to the Angle A. and —— the Number of De- 
grees it cuts, or the Bearing of A, which ſuppoſe 
to be N 16% 24 E, — place this in the Feld- 
Book, together with the Diſtance in Chains and 
Links from C to A, and proceeding the ſame 
way with the reſt of che Angles, you'll have the 
bearing of each Angle from the Meridian, together 
with the Diſtance of each from the Inſtrument, in 
your Ficld-Book, the Farm of Mak OS; 


m FizipBook, | f = 
[Angie|” rig 1Chairis IL FR 
A F 16, 24 E 7 .| 20 rn apt 
1 S 8 19, 13 E. 7 65 
E Nl » 
| | E | 2 £24 — Fi [ * As 1 


The Table is N fog 3 in 3 
firſt are marked down the Angles expreſſed by Let- 
ters, or any other Characters at pleaſure ; the ſe- 
cond contains the Bearings of theſe Angles from 
the Meridian; the third and fourth their Diſtances 
in Chains and Links from the place of Obſerva- 
tion, and the fifth is for any remarkable Occur- 
rence. 

Having | parked down the Bearings of all the 
Angles in in the Field from the Meridian, - together 
with their Diftances in Chains from the place of 
Obſervations in your Field-Book, you may after- 
wards protract it upon Paper in the follow ing man- 
mer, viz, Aſſume any convenient Point in the Pa- 


WJ to repreſent the 25 of Obſervation, and 


through 
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through it draw a Line repreſenting the Meridian; 
then from that Point draw Lines making Angles 
with the Meridian as in the Field- Book, and ſet off 
from the ſaid Point upon theſe Lines the ſeveral 
Diſtances expreſſed in the Field-Book, taken from 
any Scale of equal Parts; laſtly, joining the Ex- 
tremities of them with Right Lines, the Field will 
be protracted; and the Area of it in Chains may 
be found by Prob. 4. Se. XV. which divided by 10 
will give the Area in Acres. 

The Method of plotting a Field by the am 
cle, Circumferentor, &c. differs ſo little from the 
way of doing the ſame by the Theodolite, that it 
would be altogether needleſs to ſhow it in each of 
them. When the Angles of the Field are at ſuch 
à Diſtance from you, that you cannot perfectly per- 

them from your Station ; then put marks of 
Phi Paper, or pieces of Linden at each of them, 
8 as you may lily ſee them. | 
If it be more convenient. to- plot the Field at 
ne Station in or near ſome corner of the Field; 
then you are to do it the ſame way by the Plain- 
Table, Theodolite, or any other of the Inſtruments, 
as when your Station was in or near the middle of 
che Fal | 22120 WO bunte Tr: 
na 2 OOO a 5 jw or 
WF 21 - wr i 6d FO 1.13 i 17-0 37 . 
To plot a Field at two Scttiend near ; the middle 
Few the Diſtance between which Stations is 
known, and from each of which all the Atigſes i in 
the Field, can be eaſily ſeen. 
Let the Field to be plotred be CDEFG H K, 
in which chuſe two convenient Points A and B near 
the middle, from each of which you can perceive 
all the Angles, and the Diſtance” between which 
k know; then if 42 ar to plot it by 2 


Of SURVEYING 345 


able, plant the Table n the Point A, and 
= x com Point ride the Table to repreſent 
it, upon which lay the Edge of the Index, and di- 
rect the Sights to the other Station B, and by the 
Side of the Index draw AB; then from A along 
that Line ſet off a Line A B, taken from 
convenient Scale of equal Parts, equal to the 
Diſtance between your two Stations; then 
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the edge of your Index upon the Point A, and 
directing your Sights to D, draw the Line AD; 
the ſame way keeping the Edge of the Index on 
As, direct the Sights to all the other Angles of the 
Field ſucceflively, and draw the Lines A E, A F, 
Sc. then remove the Table to the other Station 
B, and laying the Edge of the Index along the 
Line A B, turn the Table about till you can thro? 
the Sights ſee the other Station A, and fixing the 
Table, lay the Edge of the Index on B, and direct 
the Sights to D, and draw the Line B D, which 
will interſect A D in D; the ſame way keeping the 
Edge of the Index ſtill on the Point B, direct the 
Sights to all the other Angles of the Field, and 
draw the Lines BE, BF, Gc. which will inter- 
ſect the former Lines drawn from A in the Points 
E. F, G, Cc. and joining theſe Points with 
Right 


t Lines, you'll have the Plot of the Field, and 
the Lines EF, Sc. taken from the ſame 
Scale of :ahail Parts that A B was taken from, 
will give the Diſtances of the Angles in the Field 
from one another. Laſtly, The Area of the Field 

ing 
the 


being: thus (protracted, . =, pre 
of ' the laſt '$4Hion,” © 
un plating:of u Field ut two: Stations; yon-oaight 
to take the Stations as as far aſunder as conveniently 
vou can; for the nearer they are together, the more 
danger il of contracting an Error, & & contra. 
To plot the fame by the? Theodolite4,. having 
fixed the I — one of the Stations as A, 
turn it about till the Needle be directly over the 
Meridian Line of the Chard; then tur about the 
Index till you can through the Sights ſee the other 
Station B, and obſerve the bearing of it from the 
Meridian, and meaſure the Diſtance in Ghains and 


Links; both, which ſet down thie Head of the 
. Field-Book? © Thus * * 


ABS 75” „ 230 Ez Chains 24 Links. 


Then turn the Index to the Angle D, and obſerve 
A om the Meridian, and the ſame way 
ing Index to all the Angles. of the Field, 
— 5 the bearing of each of chem, which ſet 
down in the F tel Bool in the ſecond Column, 
marked at the top thus, Statian A. Then go to 
the Station B, and fixing your Inſtrument as be- 
Fore, turn the Sights to the Angle P, and obſerve 
the bearing of it from the Meridian, and the Jae 
ay turning the Sights to the reſt of the 
obſerve the e of each * them. Which — 
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By this Method the principal Places in a Sur- 
vey of a County, or any large Piece! of Ground 
may be placed in à Map, viz. By making Choice 
of two Eminences for your two Stations, the Di- 
ſtance between which you can meaſure, and from 
each of which you can + all the principal Objects, 
ſuch as — Caſtles, Hills, Gentlemens Seats, 
and whatever elſe is remarkable in the Gound you 
are {| 
If all — of the Field can't be ſeen at 
two Stations ; then make Choice of a third, " 
whence you can ſee any of the former two, and 
the Diſtance: between which you can meaſure ; 
and if that be not ſufficient, then uſe a 4th, 5th, 
c. Station z by which means you'H always have 
two Stations to proceed with through the County 
you are to ſurvey, be it ever ſo large; and even 
in a Field where you can take the Survey of it 
at two Stations alone, the chuſing a third Station 
from whence you can ſee one of the former ones, 
and alſo all the Angles of the Field, and thence 
taking the Plot of it as before, is 4 ſure — of 
Wong you former Werle 7 


Problem g. 


To plot a Field by going zound i. 


Let the Field be AB CDE F A. and ſuppoſe 
vou are to plot it by the Plain- Table. Having 
fixed your Inſtrument at any of the Angjes of the 
Field as A, mark a Point upon the Paper to re- 
preſent it; thin! long — — 
on A, turn it about till through the Sights yon 
can ſee the adjacent Angle F, and along the Edge 
of the Index draw the Line AF, which meaſuie 
in the Field, and taking that from any Scale af 
ea ſet it off upon the Line AF Table 


wo | 
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Table from A to F; then move your Table from 


re _ laying ahs: Edge of the 
POTTY * * Index on F, turn 


it about till through 
erage > che Sights you can 
tee E, and © draw 
I the Line FE, which 
„ Sl ha meaſure in the Field, 
and taking it from 
the ſame Scale, ſet 

/' | | ttoff uponthe Table 
from F to E: after 
the ſame manner 
ing with the 

7 the Angles ou will have the nr the 
To plot the ſame by the Theodolite.- Haring 
placed your Inſtrument at the corner of the Field, 
you are to begin from, as at A, - ſer the Index at 
0% Deg. oo Min. then turn the Inſtrument about 
with chat end of the Index forward (or towards F) 
that Hes upon 60 Deg. oo Min. till you can thro? 
the Sights ſee the Angle F; and there fixing the 
Inftrument, turn the Index about till you can 
through the Sights ſee the corner B, and mark the 
Degrees (in your Field-Book) cut by the Index, 
which will be the meaſure of the Angle, FA B, 
and meafure A F in Chains and Links, which alſo 
mark down in your Field- Book; then remove 
your Inſtrument to F, and placing the Index upon 
the beginning of the Degrees as before, turn the 
Inſtrument about till you can /thro* the Sights ſee 
the Corner A, and fixing the Inſtrument there, 
turn the Index about till you ſee thro? the Sights 

- the Corner E, ard mark the. Degrees cut by the 
Index in your Field-Book, which will be the Angle 
AF E, then meafure F E. in Chains 1 
which alſo. mark down in your Field - Book: 


— 
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ſame way proceeding with the reſt of the Angles 
mark down the quantity of each, together with the 
Diſtance from the preceding, in your Field-Book ; 
and thence you may Project: it at leiſure upon 

Pa 
This: Method eg a Field by going round 
ir, is much leſs liable to Error than any of the two 


former; and is more eſpecially uſeful in meaſuting 


large Fields, or Fields upon which are Woods or 
other things to obſtruct the Sight, in which Gale 
e att ie FEET) 13 Via 


"SECT. XVII. 


3 


the Solidity of ſeveral ſorts of Bodies, 
in Inches or Feet, Fc. which Solidity (if taken in 
Inches) divided by the Inches contained in a Gal- 
lon, Buſhel, Sc. will ſhew the Number of - Gal> 
lons, Buſhels, c. contained in the Veſſel. | 

The Number of ſolid Inches contained in a Gal- 
lon, Buſhel, Sc. as determined by Act of Parlia- 
ment, are as en. 


W Ebene mum en R Kb bam um Rn 
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A Gallon of Ale or Beer 8 282 
| 22 | | 231 8 _— 
Corn 28. $8. n 
A Buſhel of Malt contains 2150.4 Solid Inches 
of Coals _ 2246 2112 
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. the Diameter of the 
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2. In Cauging, the Veſſels that are not cylin- 
drjcat are — reduced n? and their 
Solidities found as ſach 5 {. Id}. { — 

A Cat having different Diameters — the Head 
* Bung, is reduced to a Cylinder, by taking the 
mean or equated Diameter between the two for 
linder equal in Length and 
Solidity to the propoſed Caſk 5 the common Me- 
thod-for finding che equated Diameter, and which 
ſerves pretty juſtiy in moſt Caſks, is this, viz. 
Multiply the Difference between the Head — 
Bung Diameters by .65, and adding the Product 
to the Head Diameter, the Sum will be the Dia- 
meter of a Cylinder of equal Length an Solidity 
with the Caſk. 

Hence we haye the following Rule fir finding 
the Content of any Caſk in Vine, Beer, &c. The 
Head and Bung Diameter, and Length of the Caſk 
being given in Inches. viz, Find the equated 
Diameter between the Head and Bung Diameters 
of the Caſk, and thence find the Area of the 
Circle belongin to that Diameter ; then multiply 
- this Area by the Length of the Caſk, and the 
Product will be the Solidiry af the Cafk- in Inches, 
which divided by the ſolid Inches contained in a 
Gallon of Wine, Beer, Sc. will give 2 Content 
| of the Caſk in Wine, Beer, K 23 foci): 


He a 20 72 * — . 3 Mud 
Let it be required to find the Content of the 
Caſk AED B in Wine Gallons, - whoſe Head 
Diameter AE or BD, is 26 Inches, the Bung 
Diameter C434 Inches, and the Length, GH 
55 Inches | 
+ The Difference — the Head and Bung 
Diameters is 8 which multiplied by .65, gives 5.2 


andthis added to 26 the Head Diameter makes 100 
or 
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for tlie equated Diatneter, or Diameter of the Cy. 
linder equal — 24 a W Gn MP. 
poſed ; Cal, le 

Area of whoſe Baſe „ ace = 
is  1764:589776, » 7; JD 
which , multiplied 


intoF5 the Length, 
gives 2049.68 768 
for the Solidity in Þ 14 
Inches; and this , 
divided by agi the | 
ſolid Inches con 74 
tained in a Gallon 
of Wine, gives * for the Content * the 
propos” Caſk in Wine Gallons,  / 


Axis 
full of Liquor; then in order to find the Contents 


of the contained Liquor, you muſt find the equated 


Diameter, as above, and thence the Area of the 
Baſe: of the Cylinder, the Caſk is reduced to ; 
which multiplied into the Depth of the Liquor, 
will give the ſolid Content: of the contained Liquor 
in Inches, and this divided by the Inches in a Gal- 
lon of Wine, Beer, Sc. according to the Liquor 
contained, will give de Contents of the Liquor in 

This Rule more eſpecially: ſerves when the Caſk 
is more. than half full of Liquor; but when it is 


leſs than half full; then the Content of the con- 
tained 3 is better found by ſubtracting the 


Content of the empty part of the Caſk (found as 
above) from the Content of the whole, and the re- 
mainder will be the Content of the contained Liquor. 

4. In Gauging, by the Area of any Surface in 
Wine, Sc. Gallons, is meant the Content of it at 
one Inch Depth. Conſequently the Area of a Cir- 
cle I =. Diameter being. 784 this * by 


282 


If the propoſed Caſk be ſtanding with it's 
perpendicular to the Horizon, and is not quite | 
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2. In Cauging, the Veſſels that are not cylin- 
Guicab are commonly reduced enn and their 
Solidities found as fach 5 ” 

A Cot! havin different Diameters pou — Head 
and Bung, is reduced to a Cylinder, by taking the 
mean or equated Diameter between the two for 
inder equal in Length and 
Caſk; the common Me- 
thod for finding che equated: Diameter, and which 
2 rafthyiciciandl>! Caſks," is this, viz. 
Multiply the Difference between the Head — 
Bung Diameters by .65, and adding the Product 
to the Head Diameter, the Sum will be the Dia- 
with the Caſk. 

Hence we haye the following Rule for finding 
the Content of any Caſk in Mine, Beer, &c. The 
Head and Bung Diameter, and Length of the Caſk 
being given in Inches. viz, Find the equated 
Diameter between the Head and Bung Diameters 
of the Caſk, and thence find the Area of the 
Circle belongin * that Diameter; then multiply 


- this Area by the Length of the Caſk, and the 


Product will be the Solidiry of the Cafk- in Inches, 
winch divided by the ſolid Inches | contained in a 
Gallon of Wine, Beer, Sc. will give the Chacent 


bk the Caſk in Wine, Beer, Sc. Ny 
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Let it be required to find the Content of the 
Caſk A ED B in Wine Gallons, whoſe Head 
Diameter AE or BD, is 26 Inches, the Bung 
Diameter FC 34 Inches, and the Lagen GH 

Inches. 
The Difference — the Head and Bung 
Diameters is 8 which multiplied by .65, gives 5.2 
and his added to rs 
or 


_ 5 —— ww 


I xz 4.44; At oo dt es tn dads 


cle I Lich. Diameter being. 7854 this * by 
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for the equated Diameter, or Diameter of the Cy» 
linder equal in Length. e 1 be re 
* Caſk, the 

e * * „„ 
is 4:539770, "AL 3 
hid ple 1 P | 
gives42049168768 | J — Ps 
for the Solidity-1n  Þ 48, | 
Inches; and this 
divided by 2g t the 4x% 
ſolid Inches con- 21 
tained 1n'a Gallon 


of Wine, gives 8 for the Conten 4+ the 


3. If the propoſed Caſk be ſanding with ir's 
Aa hdicular to the Horizon, and is not quite 
Liquor; then in order to find the Contents 

of the contained Liquor, you muſt find the equated 
Diametef, as above, and thence the Area of the 
Baſe: of the Cylinder, the Caſk is reduced to ; 
which, multiplied into the Depth of the Liquor, 
will give the ſolid Content of the contained Liquor 
in Inches, and this divided by the Inches in a Gal- 
lon of Wine, Beer, Sc. according to the Liquor 
contained, will give the Contents of the Liquor in 
This Rule more eſpecially ſerves when the Caſk 

is more than half full of Liquot; but when it is 


leſs than half full; then the Content of the con- 
tained Liquor is better found by ſubtracting the 


Content of the empty part of the Caſł (found as 
above) from the Content of the whole, and the re- 
mainder will be the Content of the contained Liquor. 

4. In Gauging, by the Area of any Surface in 
Wine, Sc. Gallons, is meant the Content of it at 
one Inch Depth. Conſequently the Area of a Cir- 


282 
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282 will give .002783 for the Content of that 
Circle 1 Inch Depth in Ale or Beer Gallons, 
and the ſame divided by 231 will give . 0034 for 
it's Content in Wine Gallons; and ſince Circles are 
to one another as the Squares of their Diameters; 
therefore, as 1 the Square of 1 Diameter, is to 
.0034 or .002785 the Area of that Circle in Wine 
or Ale Gallons, ſo is the ſquare of the Diameter of 
any other Circle, to the Area of that Circle in Wine 
or Ale Gallons ; hence ſince the firſt Term of the 
Proportion is Unity, it follows that the Area of 
any Circle in Wine or Ale Gallons is found by 
e the Square of the Diameter by .0034. 
Wine Gallons, and by 5002785 for Ale Gal- 
— and this Area multiplied into the Length of 
the Caſe to which the Circle — will give the 
Content of the Caſk in Wine or Gallons ; and 
hence the two Numbers 0034 and 00278 5 are cal- 
led Fixt Multiphers. © 
Again, If 1 de divided by the ſavage; Numbers 
520 854 0027855, there will be produced their 
Reciprocals 294. 12 and 359, with the firſt of which, 
dividing the Square of the Diameter of any Cir- 
cle, the Quotient will de the Area of that Circle in 
Wine Gallons'; and if the fame be divided by the 
laſt, the Quotient will be the Area of that Circle 
in Ale Gallons; hence theſe two Numbers 294.12 
and 359 are called Hxt Diviſors, and in Practice 
are commonly made uſe of by the Gaugers. 
5. When a Cast is lying upon it's Side, with the 
Axis parallel to the Horizon, and is not full; but 
the Surface of the contained Liquor cuts the Heads 
of the Caſk ;- then to find the Contents of the Li- 
contained in the Caſk,” we mult firſt know 
how to find the Area of any Segment of a Siven 
Circle. In order to which 
Let AE BH repreſent a Circle, whoſe Diameter 


=o is 23 then (by Cor, 1. Art. 2. Sed. XV.) the 
2 Circum- 


Of GAUGING. 353 


Circumference of that Circle will be 6.2832, and 
the Area 3.1416 (by Prob. 6. Set. XV.] Hence tis 
evident that if the Diameter of a Circle be two Inches 
or Feet, c. the Circumference of that Circle will 
contain twice as many Inches WP rs 
or Feet, &c. in Length, as . 
the Area of it contains ſquare 
Inches or Feet, Sc. i. e. the 
Length of the Circumference 
is double the Area; and ſince 
the Area of the whole Circle, 
is to the Area of any Sector 
of it, as the Length of the. r 
whole Circumference, to the „ 
Length of the Arch of that Sector; it follows, that 
the Length of half the Arch of any Sector of a Circle 
whoſe Diameter is 2, is equal to the Area of that 
Sector. So in the annexed Scheme the Length of 
DE, half the Arch of the Sector D CF E will be 
the Area of that Sector. | 

In the annexed Scheme, ſuppoſe G E (the verſed 


Sine of half the Arch of the Sector D CFE) to be 
equal to. 4; then ſince the Radius CE is 1, tis 


evident CG (the Right Line of D A, the Com- 
pliment of D E half the Arch of the Sector) will 
be equal to . 6; ſo making it as 1, is to . 6 or (to 
avoid Fractions) as 100, is to 60, ſo is the Ra- 


dius of the Tables, to a fourth Number; this will 


be the Sine of A D, and looking in the Table 
we ſhall find it anſwer to 36.87 Degrees; the 
compliment of which, viz. 53.13 Degrees is the 
Arch DE; which multiplied by 017433 the 5 
of 6.2832, gives .92727789 for the Length of 


the Arch DE, which is equal to the Area of the 


Sector DE FC. | 
Again, In the right-angled Triangle CG, 


tis evident (by Cor. 1. Art. 70. Sect. I.) if from 1 


the Square of CD we take .36 the ſquare of C G, 
Aa - there 
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there will remain ,64 the ſquare of D G, the ſquare 
Root of which, viz. .8 is equal to DG, and this 
doubled gives 1.6 equal to D F, which multiply*d 
into .3 the half of CG produces .48 for the Area 
of the Triangle DCF. Then from 92727789 
for the Area of the Sector DCF E taking 48, 
the Area of the Triangle WEE will re- 
main 44727789 for the Area of the Segment 
DEFD, 14 54 taken from 3. 1416, the Area of 
the whole Circle there will remain 2.69432211 for 
the Area of the other Segment DH F D whoſe 
verſed Sine is 1.6. 8 
After the ſame manner, by dividing the Diame- 
ter of the Circle, viz. 2, into 100, or any other 
Number of equal Parts, we may find the Area of 
the Segment anſwering to each verſed Sine. 
Having by the foregoing Method, found the 
Area of a Segment, belonging to any verſed Sine 
in that Circle, whoſe Diameter is 2, and Area 
3.1416; we, may find the Area of the ſimilar Seg- 
ment in any other Circle by the following Analo- 
„ vix. | | 
As the Area of that Circle, whoſe Diameter is 
2, v12. ,3.1416, is to the Segment belonging to 
any part of its Diameter, ſo is the Area of any 
other Circle, to the Segment belonging to the like 
of its Diameter. 
And hence ariſes the Conſtruction of the follow- 
ing Table. | 
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FA Is 51 T of the —— 7 * Cine 95015 
Area is 1 the Diameter, (vi. I. 128378) being 


divided into too equal Parts. 
[= | V 2 | TV Sem, 1 V 3 | 
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In this Table you may obſerve that the Co- 


lumns mark'd at the Top with V, contain the 
verſed Sihes, proceeding from 1 to 10, and the 
adjacent Columns contain the Areas of the he: 
ments belonging to theſe verſed Sines. 
By this Table the Content of the Liquor con- 
tain'd in a Caſk not full, lying with its Axis pa- 
rallel to the Horizon, and the contain'd Liquor 
cutting the Heads of the Caſk; may be fouad we 
the following manner, viz. 


**++-To the wet Inches of the Bung Dininteniry ada g 


a competent Number of Cyphers, and divide this 
Ata by 
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by the whole Diameter, then ſeek for the Quo- 
tient in the Columns mark'd V at the Top in 
the preceding Table, and oppoſite to this in the 


achacent Column, you'll find the Area of a Seg- 

ment, which multiply into the whole Content of 
the Caſk, and the Product is the Content of the 
Liquor in the Caſk; If inftead of the wet Inches 
we had uſed the dry, then the laſt Product would 
have been the Content of the empty part of the 
W which is called the Ullage. 


Res | bes 


- Suppoſe a Caſk lying with its Axis parallel to 
the Horizon, has a certain Quantity of Wine in 
it, the Bung Diameter is 32 Inches, the Head Di- 
ameter 28, the Length 48, and the wet Inch 


Dreck 


phers, and dividing it by 32 I find the Nebel 
66, which I look for in the Table and find it an- 
wer to the Segment oOo, which multiplied by 
132.8 the whole Content of the Caſk in Wine Gal- 
lons (found by Art. 2. of this Sec.) gives 107 for 
the Content of the Liquor in the Ne in Wine 
Gallons. 
6. Malt when lying on a Floor is gauged by 
-thking the Depth of it in Inches, in ſevebal Places, 
and dividing the Sum of theſe Depths by the 
Number of them, the Quotient will be the mean 
Depth; which multiplied into the Area of the 
G - Surface gives the Solidity in Inches; and this di- 
64 dend by 2150.4. gives the Content in Buſhels. 
72 | 7. Solid Timber is meaſured by the ſolid Foot, 
| ach containing 1728 ſolid Inches; the common 
Way is this, viz. Girth the Tree in ſeveral Places 
and take 4 of the mean Girth in Inches, for the 


Side of a __ z Which Square multiply into the 
155 Length 


VE VV RT - 


Of GAUGING. 357 
Length of the Tree, and the Product will be the 
Solidity in Inches, and this divided by 1728, will 
give the Solidity of the Tree in Feet. 


8. The. Solidity of irregular Bodies may be 
found exactly, after the following Method, viz. 


Let the Body be immerſed in Water in a Paratte- 


lipiped, whoſe Sides are exactly divided into Inches 
and the Solidity of the Water raiſed, will be equal 
to the Solidity of the immerſed Body. 

9. The common Rule for finding the Tunnage 
of Ship is as follows. 

Multiply the Length of the Keel by the Breadth, 
and the Product by half the Breadth ; then divide 


this laſt Product by 953 and the Quotient will give 


the 'T rf þ | 
| Example 


Suppoſe a Ship s Keel is 135 Feet, and bir 
Breadth from out to out, 48 Feet. Requir d the 
Tunnage of. that Ship. - - 

The Length of the Keel, viz. 135 multiplied in- 
to the Breadth 48, produces 6480; and this multi- 
plied: into 24, half the Breadth, gives 155855 
which laſt divided by 93, the Quotient is 1637 


the Tante of the propos'd * 


A Me I | A TaBLs 


dae 2 1 166838 1]- 


K 0 f the Tatitudes and 2 5 F fene of 
the moſt principal Harbours, Headlands, and Iſlands, 
in the moſt. frequented Parts of the M orld 3 the Longi- 
2 © Zude, ——— counted A the Meridian Li Low nok. 


"Places We 2 Lat. : whos Long. 7 
Pian | en | 
The Coalt of England 1D. + JD. M. = 
ERWICK —— [55-50] fer 39 W 
Neucaſtle— — 54 58 fo go W 
Searborough — — — 54 20] 401 20] W 
Stockton — — — : [54 33] for 28 
Flemborough-Head — — [34 o8| Joo 11UE 
Farmouth — — — 32 45 loi 4o|E 
Ipſwich — — — 32 14] jo: oo E 
Colcheſter — — — 132 ] oo 58[E- 
LONDON — :— ( 32] Joo os 
The Dans! — — 31 254 jor 21]E - 
Dover — — — — 1 1B. oi | 18||E 
Beathy '—  —; — — 50 48| [oO 25JE 
Portfmouth — - —— — 30 48] flor oof W 
Dartmouth — ? <= 60 25 Zſog 36 W 
Phmouth- — > H 0 368 [oa 13 W 
Lizard — — — — 50 oo|® o  14}W 
Briftol — — — — 451 32] 'Jo2 35|W 
Liverpool — — — 133 20 03 10]W 
White-Havn — — |54 10] Jo3 5o[W 
The Coaſt of Scotland | | 
Glaſgow —  — — |55 53] [o4 os|W 
Aberdeen — — — |57 24| lor 371W 
Leith —— +— — — |56 oof ſoz2 55 W 
St Kilda — ? — |58 02 10 og W 
Cat-Neſs — — — 38 47] ſo2 o 
Buchan-Neſs — — — 7 55 Joi 20 W 
Ona es = = F 13] 1o3 320 W 


1 359 1 


Places Names 
"Coaſt © of Ireland 1 . 


Amſterdam | 
Rotterdam — 
Duntirk — 


Calais — H— — — 


. 


On the Coaſt of Fane ind 

Portugal 2? 
Guernſey — — | 
A 


— 


Bourdeaths — — — 


Coaſt on the main Continent 
within the Straits, and on 


the Coaſt of ow, &c. 


11 _— _ * | 


Lat. 


Gitrattar — — — 
Malaga , — — = 
„ 
. 


oN Spb I 


* 


AA AAA u,j 


2 5 5 


HHH 


Places Names =o. = 
— — — * wes mak 6 : M. D. 2 8. 
Genoa — | — — — 44 27] oe 6E 
Legborne— — — 43 18] 10 44]E 
Rome —— — — 41 51]. 113 5E 
Naples '— — — —|41 . 05]. 115. 4o[E 
Gallipoli. — — — 40 08 [18:42] E 
Venice — — — — 143 18] .112 ,,49]E 
Conſtantinople — — 41 07].2131 45 E 
Smyrna —| — — |—»438---28|-8- 20|.E 
Scanderom  — — — 36 oof &1435 38 E 
Tripoli : —, — — 34 49[F£135.. 48]E 
Alexandria — _ — — 31 07] 2.133 oo[E 
Aer — —, — —]36. 49103 .05]E 
2 . 8 | 

Coaſt of Barbary and Gui. 

„ LET 5 


Salle —— — 2 33 43 | 06 30 
Cape de Verde — — 4 30 6 26 
River Gambia — — 13 16 f 20 


Cape Corcfse— — 1 ; 
Cape Formeſa — =>: 404 40 195 00 
River Congo — —— * 

Angela — — — — 108 5119 
_ Cape St Thomas. — — 23 100FC 4 23 
4 Cape ef Good Hope — 34 15 [17 oo 


£ 
N r 


5 Weſtern Illands 

: Cor — — — 440 os 31 155} W 
© Bel — — — — 339 32 [31 SN 
7 go. —_ FR — To a53]"% av 
AF Gratioſa  — — — 39 30 8.28 15 W 
17 St Michaet , — — — 37 30 p24. 52] 
* St Marie — — — 37 OO B22 179|W 
15 Porto Sando — H— 32 45 16 os}W 
8 Madera Weſt-End — 32 20 % 300 W 


St Nicholas — 
St Vincent — 
Antegoa — 


—— 
— 
— 
— 
— 


Coaſt of Carolina, JV. irginia, | 


1 Maryland, &c. 


| Charles Town on Aſhly River 
Cape Henry — — 


Cape St Mary — 
Placentia  — — 
Cape Charles 
St Fobn's Harbour 


Coaſt of Hudſon's Bay, and 
the Straits. 


— — 


Cape Fones — — 
any River — 
Shark Point — 
Buttons Ile — 
Cape Charles — 


— — 
” g— 
, 


—— 


Port Nelſon — = — 57 


62 


10 
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I Lat. I | Long. | 5 

"Places Names 2 p. M. 5 M. S 

Carr of America in the 2 4a 
* "South-Sea | © Bs. | [ 

Cape St Sthaftian - — — [42 .40 2129 40 | 
Panama — — 93 56] **| 82 18 
A — — — Is 27| For 03 
Cape St Luca — — [= 25|* [111 56 
Cape del Ajugo — — _|10 33 88 50 
es — . — — 18 12 74 O7 


Cape Victory — * * 52 15 
Cape Horny — — — 37 38. 


Coaſt of Brazil in S. America er 


River Jaan — — 48 40 


8 < 
Cape Blanco — — — 46 50 2 
'St Katherine's We — ,—|28 oo | 47: 50; 3 


nog 
OO 
to 
5 


. 


dpruam 
Ir 
+ 
3 
do 


Cape Rague FS. los. oo ; 
Coat on the Nan n ** — 4 - 
nent in the Vet- Sul, [ 


North Cas —_— 102. as! 49 55 N 
Surinam — — [o6 oo 
Campechey — — — 19 20 
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(OS) 
O 
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8 
8 
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: | Lat. Es Long. 
f Places Names £11 1D. NM. 7 ſe | 12 
"Toaſt of the ER Indies 8 


River de Fugos — — 4 ou 41 15 
Cape de Baſ- — — Jo4 0 "Jax" 50 
Surat —— — Er 08 73 25 


Siam Entrance — — | 
Gl —<* In of} 57 6 
Fort St George — — |'3 8 34 
Dew Point - — —15 50[2] 81 30 
Bengal — | — — 4 27/8 9 400 
Malacca— — — 23 32 05 
Cambodia — — — 10 39] 0 200 
r [32 557 13290 30 
Illands in n the ie Eqf- Indies | N . 


22 — — — 2 27 
Almircant Iſles, be Raſt ermoſt 
Bantam in Faves — '—[og 37 
Batavia — — — [os 47 
Babelmandil,' in the } on 
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+ 
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Ur 

do 

— 
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— — 
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DD 
Un 

U 2 OO 
2 
* 
Un 


17) 29592 

a _—_ IBS. 
S 
— 
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* 

a 

— a 

— 
9praiJuor) yog 


Mouth of the Reg Sea 
Barnes — — — — 04 20 


Cd Fortune — — [ot 288 [97 200 
Java, Kaſt-End — oj los 2008 [113 37 
Japan, S. Eaſt Point — 34 30[Nlz35 35 
—,— S, Weſt Point — [38 20 NA 30 


Joanna — — — 12 10 
Princes lle — — Br 47 
Zocalra— — 12 28 
Madagascar, South End T| 
ol Sr Sebaſtian — J 32 


+ 
— 
O 


Coaſt of the Sound and Bal. 

tick Sea | 
Gottenberg — — — [57 33]N} 12 25 
 Confiana. — — — 59 10 NI 9 45 


EX 


Coaft fromtheNaze of V.. 


way to Archangel. 


” 


N of Norway | _ 79 


— : — 


 Dronton 
North oy | — — — 


, 


1h 


Nova _ Zembla, 1 tend 
and Greenland © 


Hape Iſle — — — 
Cathnoſe  —  — — 
Point Lookout  —— — 
Horn Sund — — — 


Whales Back — — — 
21 | 
71 L g 


2 00 
171 25 
162 10 
69 32 
114-9 
66 31 
27. 34 
M 

74 35 


— 


Ba | 

p== ö 
=. 
E 10 40 ö. 

22 105 
. o4 388. 
5 30 12 E. 
40 30 

136 10 

2 

| 

| 18 12 

121 44 

133 13 

16 25 


A 


lr Es in 15 
LOGARITHMS, 


For NuMBERs increaſing in their Natural Or- 
der from Unity to 10000. 


* 


l 1 
. 


6 

| 7 
- | $10.90309]] 5311-72425]} 98991230] 43]2-15534 

9 

O 


15 1.17609 1.77815 b 05 2.02049 | 50} 2.1 17609 
256ht-20412]| 611-78533]} 06202531 512.7898 
a e 7% 9 _ 07 [202938 52278754 


+$ 4411-04345 89] 194939 


366 A Table of Logarithms. 
N. I Logar. I N. | Logar. N. Logar. N. | Logar. | 


1 [000000] 46166276 91 1.95904. 13601213354 
210.30103]] 47|1-67210]] 92 95379 37} 2-13672 
319.47712 481.6812444 93 196848 3812. 13988 
4]9-50206]} 4 2% 94/9733] 392-1430: 
5 fo geg res g5 197772 ez r46r; 


0.77815 5111.707571] 960982270 41] 2-14922 
o.84510]] 521.7160 97198677] 42]2-15229 


0.954241] 5411732391] 9911-99564\} 44|2-15836 
1.00000] - 55 [1-74036|] 100|2 00000j} 45] 2.16137 
1111-04139 561 1.74819] 101 [2.00432] 40] 2.16435 
1211.07918 57 1.75587 o2 | 2.00860 

1311.11394 5811.76343]] 03 2.01284 481247026 
14114613 8 1.77085 JI. ©4[2-01703]] 49] 2-17319 


* 
” 

2 

I 

2 

ty 


oB[2.03342]] $31] 2-18469 
2.037431] $4]2-18752 
12-941391}__55} 2-19033 
2.045321} $0] 2.19312 
12 2.04922 5$5712.19590 


1811-25527 || 63779934 
191127875 64 1.80618 


200130103 [ © 6511-81294 
211132222 6611.81954 


— 


221134242 
; | 
| 2311-30173 _ 13 [2.05308] | 53] 2.19866 
24.3902. 1442. 2 : $9] 2.20140 
| _ 2512397941] . |2 ob 2.20412 
2611-41497 16 ZOO 61] 2.20683 
l 2711 43136 17 2.06819 62 2 20952 
281144716 18 2.07188 | -/63[|zZ. 21219 
29 1 4 240 9 42.2555ô 6412.21484 
30147712 20 2.07918 65 2.21748 
3111-49136 21208279 66 2.22011 
321150515 22 |2.08636]] 67 2.22272 
1 3301-51851 23 2.08991 | 68|2.22531 
343448 24 |2 09342] 69222789 
3511-54407 | 25 [2 09691 2.23045 
—3614-55630\1.. 91L....20 |.2:1003714... .711.3-23300 
357-588 20 27 2% 8e 7244-23553 
3811-57978 28]2.10721}]} 7312-23805} 


39 of 450: | 29 |2-11059]} 7412-24055 
4011-00206] 3012-113941}__ 7512-24304 

4141.61278]] 861143450 « 2.24551 
| 4211602325 8711-93952]. 321]2-12057}} 7712-24797 
4316337 88 20 7xÿů 33 2.12385 78312-25042 


a 
tv 
= 
a} 
* 
— 
JI 
2 


34/2219 79|2.25285 
35 Iz. 13033 8012 25527 


— — 


451.6531 9095424. 
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able of Logarithms. 367 
" Toger. Ligar. ||; IN: 4 Lager: jj | Lger- 
27 257758 2.35411 | f 43297 2.49969 
2.26007 [2.35003 ||: 2:43457 2 50106 
2.26245 2.35793 243616 2.50243 
2.2648 2 2.35984 [| 2.43775 2.50379 
2.26717 23601731] 2.43933 2. 50815 
2.26951 2.36361 2.44091 2.50651 
2.271841} 32236549 2.44248 2.50786 
2.27416 3312 36730 2.44404 2. 509 20 
227646 2.36922 2.44560]| 2412. 53955 
2.27875 2.37107 [2.44716 _25|2-51188] 
2.28103 [ 3012-37291 2. 24487 1 26 2.51322 
2.28 330 2.37475 2.45025 2.51455 
2.28 5 560 237658 2.45179] 2512-51557]. 
2.28780 2.37840 245332 29 2.517201 
2. 29003] 4012-38021 2-45434|}__ 3012-51851]. 
2.29226 2.38202 2:45037 | 2.51983 
2.29447 2.38382 2457880] 3212 551% 
2.29667 2.38561 2.45939 2.82244 
2.29885 238739 24609 341252375 
2.30103 2.38917 2.45240 35]2-52504. 
2.30320 [ 4612-39094 246389] 3612-52034 
2.30535 2.39270 2.465380 3712-52763 
2.30750 , 4812-39445 2 46087 [ 38252892 
n+ oy | 2.39020 2.4 0835 39 2. 5 3020 
2.31175 2.39794 2 40982ifF 4012-53148. 
2.31387] 2 39967 6]2-47129\} 2.53275 
2.31597 2.40140 2.472760 4212-53403] 
2.31806 2.40312 2.47422\} 4315-53329 
2.32015 2.40483 2 47567 |} 4283656 
232222 2.40654 242712 48/2. 53782 
2.32428 2.40824 2.47857] 462 53988 
2.32634] 5712 40993 2.48001 [ 47[2:54033 
2.32838 2.41162 | 2:48144 |}, 484254158 
2-33041 2:41330 2.48287 4912 54283 
22442 2:48430|}__ 5912:54497 
2.33445 2.41664 248572 2.54531 
233646 241830 248714] 52254654 
2.33846 2.41996 2.48855 2.54777 
234044 2.42160 2.48996 542. 54900 
2.34242 $12 42325 2491301055} 2.85023 
234739 488 2.49270 5612-55145 
2.34635 | 2 42651 2 4945 || 5712552 
2.34830 2.42813 2. 1 — 255388 
2.35025 2.42975 2.49093 | 59 1 288252 
2.35218 243136 J 15 2.49831 2 55630 


185 dg = jo» 


— 


= 


406 2.00853] 4512.654188 490 2.69548 
072. 0959 5212.655140 9712.696536 
o8| 2,61066]] 5312.65 98 2.69723 
9 2.61172] 5442.657060 99 2.69810 
10] 2.61278 55 [2.658 500 2.69897 
1112.061384 5012.658960] 501 2.69984 
121 2.61490] 5712.659921 o21 2.70070 
13] 2-01595]] 58 2.66087 03] 2,70157 
2.56703 || 14|2-01700]] 59] 2.06181 04 | 2.70243 
2.56820 i5| 2.61805 60] 2.60276 052. 70329 
2.56937 | 2.51909 ][ 61 |2 66370]] 06]2.70415]| 
2.57054 2.62014}} 62 2.064641} 07] 2.70501 
2.57171 1812.621181 63 2.66558] 08 2.20586 
2.57287 [19 2.62221 64 2.66652 [ 92.7067 2 
7512-57403 ||,__22|2-62325 |} 65|2-66745]} 2.20252 
76[2-57519]] 21]2.62428 66 | 2.66839 |  11]2,70842 
77 2.57634] 22|2-62531]} 67 2.66932 12]2.70927 
| 782.5770 2312.627340 682.6725 1312.71012 
79] 2.578041} 2412-02737 1} 6912-67117 2.71096 | 
| 8$0[2.57978]} 252.62839 [ 702.7210 2.71181 
8112.588093 2612.602941 712.7302 4a6[2,71265 
3822.588206 ][ 2712.630431 7212.673941] 712.7134 
8342.583200 28263144 73 22 18] 2471433 
8412.58 2912.632406 412.6757 1912.716517 
85 2.58546 30] 2.63347 2 2.67669 — 2.74 600 
86|2.58659]] 31|2-634481]} 7612-67761 21 | 2.71684 
1 8712.587710 32[2-63548]] 7712-67852]] 221271767 
88 2.38883 ][ 33263649] 782.67943][ 23] 2.71850 
89 2.58995] 34] 2-63749]] 29268034] 24/2.71933 
eee 2.63849 80] 2.68124 25] 2-72016 
91 1|2.59218]} 36] 2.63949]} $1|2.68215 
9212.593291] 37]2-04048]] 82 2.08305 
\ 9312594391] 38] 2-64147|f 
942.505 50] 39] 2.642461} 8412.08485]} 291 2.72346 
9512.596500] 40 2:04345 8512.68 574 301272428 
9612. 50% o 41]2.04444]] 86 2-08664]} 31272509 
9712.539879 4212045421} 82.687531] 321272591 
98 2.59988 ][ 43 2.64640] 88 2.68842 33 2.72673 
992692647380 89 
400 2.60206 | 45 2.64836] 9go{2.690201]} 35 2 72835 
40112.603141} 46] 2,64933]] 91J2.69108J[ 436|2.72916 
022.423 [ 47|2-650311} 9212-09197]]} 3712-72997 
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88 
— \S 


N 
on 
= 
\O 
2 
VI 
+ 
by 
IJ 
* 
> 
wh 
+ 


03 [2.605311] 48]2.65128]] gz3|2.092851] 3812-73078 
| 94 22 49265225 | 94 | 209525 | 39] 2-73159 
o512.6074611 5golz.65321ll 9512.690461 - 40! 2.73239 
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2.73719 
2.73799 
2.73878 
2.73957 
2 74036 
2.74115 
2.74194 
2 74273 
2.74351 


2.74429 


N. 
86 
597 
88 


Logar. 


2.76938 
2.77012 


2.77085 
2.77159 


| 2.77232 


2:7 7395 
2-77379 


2-77452 


2 79239 


2.79399 
279379 


2 79588 


2.70790 
2.76864 


2.79449] 
2.79518] 


| 


N. 


031 
32 
33 
34 
35 
30 
37 


2.80550 
2 80618 
2.80686 
2.80754 
2.80821 
2.80889 
2.80956 
2.81023 
2.81090 
2.81158 
2.81224 
2.81291 


2.82020 


—_— 


2:35491 
2.85552 
2.85012] 
2.85673 


2.85733 
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— — ä 7— — 
DD 
== 285594 766] 2.88423 || 811] 2.90902 | 85612.93247 
2212853854 || 6% 2.88480] 12 2.90950 5742-93298 
232.8914 68[2-88536]| 13 [2-91009]] 5812-93349 
2412.85974|| 692 88593]] 49062 5912-93399] 
286534022 2.88649 ][. 18 2.91116 50 2.93450 
26 2.86094 71 12.38705 16] 2.91169 6112.93 50 
2712.861531 72 2.88762]} 17291222 6212-93551] 
2812862131] - 731 2-$38181| 18[2491275]} 6312-93601 | 
2912;862731] 7412-83874]} 92.973280] 64293651 
- 30]2.863321| 75|2-889301|__2912-913811} 6542-93702 
3112.863921| 7612.88986]] 21]2.91434|} 6612-93752 
32 2.8645 1[[ 77]2-890421} 22[2-91487]} 6712-93502 
3312.865100 7812-39098} 2329154 6812-93852 
342.867 792.8954] 24[2-91593]} 6912-93902 
35]z-8662g\|__8012-892091|_ 25 2.91045 |} 7012-93952| 
-$612.36688 || $r|2.89265|| 262.91698 ] 712942 
37 2.86747 $2(2-89321 2712.917510 7212-94052 
38 2.86806 [ $3] 2.89376]] 28]2.91803|] 73/294 ͥ 
39 2.86864 8412.894321] 2948-91855} 74941510 
22.869230 85282482 ess 25224 
41 2.86982 [ 3862.895420] 31291960] 7612.94250} 
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Leger 
3.9775 
3.97759 
3 97763. 
3.97768 
3.97772 


97777 


397937 
397941 


3-97950 


97955 
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A Table of —— 


954273 9799 + 


954013 ; 97982 19591 
195923 Jorge 


25521398000 19595 
3.98005 959 
955213-98009}19597 
955313-398014 1195981399218 
955413-9801911959913-98223 
955513:98023 ||9600| 3.98227 

955613« 1.98028 9601 9646 
9557 3.98032 9602 
9558 3.98037 9603 
95593-98041 [604 
293289452897 [3-98; 
9561 3.98050 9606 
9562 3.98055 9609 
9563 3.98099 
9564 [3.98064 [|9609 429008 
9565 [3-98069 
96613-98073 |/9611 [3- 5277 
9567 3.98078 
9568 3.98082 
956939808) 
202212 92090 2 
9571.13 98096 
9572 4 pon 9617 
3-98105 [9618 3.98308 
9619398313 
96201398318 

9621 [3-98322||9666 
9622 | 3-98327 
9623 | 3+98331 
9624 [398336 
9625 [3:95349[19670 


95743-98109 
957513 98114 


957613- 3-08118 
95771398123 
9578 3.98127 
95791 3-98132 


| 9580[3-98137 


1 . 
9587 — 168 


3-98141 98263.98347 
39814696273 99349 
9583 3.98150 


398214 


9578398299 
3.98304 


Legar. 


9630 39830; 19675 


A' Table of | Legarithms. 


3-98927 
3.98932 
3.989306 
3.98941 


60 3.98945 


3.08949 
3-989 54 
3.98958 
3-98903 963 
3. 98907 


"T7 


N. 
9706 
9767 
9768 


9769 
9770 


9771 


8119772 


9773 


19774 
19775 


9776 
9777 
9778 
9779 
9780 


9781 
9782 
9783 
9784 
9785 
9786 
978713 
9788 
9789 
9790 
979 
9792 
9793 
9794 


9796 
9797 
9798 
9799 
9800 
9801 
9802 
9803 
9804 
9805 
9806 


19807 


9808 


5 909 
19810 


2225 


Logar. 

3-98972 
3.98976 
3.98981 
3.98985 
3.98989 
398994 
3 98998 
3.99003 
3.99007 
3.99012 
3.99016 
3.99021 
3.99025 
3.99029 
399034 


3.99043 


3.99047 
13-9995 2} 


| 


3.99038 


N. 


9811 
9812 
9813 
9814 
9815 
9816 


9817 


9818 


9819 
9820 


9821 
E 


9823 
9824 


19825 


9826 


9827 
9828 


3-99956] 


3-99061 ' 


99065 
3.99069 
399074 
3.99078 


3.99083 


3.99087 


3.99092 


3.99090 


3221 


3.99105 


3.99109 
399114 
399118 
3.99 123 
3.99127 
399131 
3.99136 
3.99140 
3-99145 
3-99149 
3-991 54 
3.99158 


399162 
7 


Logar. 
3+99171 
3-99176 
3.99180 
3.99185 


3-99255 
3-99 260 
3.99264 
3-99209 
3-99273 


3-99277 


3.99300 | 
3-99 3244} 


3-99282 
399286 
3.99291 
3.99295 


3.99308 
399313 
3.99317 
399322 
3.993206 
399330 
3.99335 
399339 
3-99344 
3-99348 
3 99352 


3. 99301 
3.99366 


399357 


— 


N. 
9850 


13-99445 


3:99476 
3.00498 
3.99515 


3-99520|. 


3.00542 


3:99414 
3-99419 
3499423 
3.99427 
309432 
3.99436 
3.99441 


3·99449 
3.99454 
3.99458. 
3.994063 
399467 
3.99471 


3 99480 
3 99484 
3-99489 
3-99493- 


3.99502 
3.99506 
3.99511 


399524 
3 99528 
3.99533 
3.99537 
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VN. Logar. ij N. | Logar. | N. | Logar. | N. | Logar. 
9901 | 3-99568{[9926] 3.99677 || 9951 | 3-99787 99763-99896 
9902 | 3-99572 {19927 | 3-99682|1995213-99791 [19977 3.99900 
3903 | 3-99577 119928} 3-996861199531[3-99795 119978 [3-99904 
9904 | 3-99581 [19929] 3.9969 [[9954|3-9980011 9979 |3-99909 
9995 1 3:99585 [19930] 3 99695 [9955 [3-99804[[ 998013 99913 
9900] 3-99590119931| 3.99099[[995613.998081[ 9981 {3.9991 7 
9907 | 3-9959411 99321 3 99704119957 13-99813149982 3.85922 
9993} 3-99599119933| 3-99798[[995813-9981 7119983 3.99926 
9909] 3-99903 [19934] 3-99712[[9959[3-9982 2119984 3 99930 
2919] 3-9900711993513-9971 719960 *3.99826|f9985 '3-99935 
9911] 3-9961 21[9936| 3.99721 [|9961 [3.99830[[9986 3.99939 
99121 3-99616| 9937 | 3-997 261|9962 13-9983 5119987 3.99944 
991 34 3-99621 9938 3-99730719963 [3-998391[9988 3-99948 
99143-99025 1:9939| 3-997 34[[ 9964 [3-99843[[9989 '3-99952 
| 2915] 3:9992911 9940| 3:997391[ 9965 [3 99843{[99901 3-99957 
19916] 3-99634] 9941 | 3-99743 9966 3.9985 2 [9913 99961 
[99173-99038] 9942[3-99747119967 [3 99856099 3-99965 
[991813 99942] 9943[3-997521[9968[3-998511[999313-99970 
99190399647 994413-9975611996913-99865|19994| 3-99974 
129201 3:9965 1 | 9945[3.997601[9970|3 99870|[9995[3-99978 
(9921 [3-99956119940 3-99765}[9971 [3-99874|[9990[3-99983 
1992213 99660119947 |3-997691[997213-99878|[996713-99987 
99231 3-996641[9948 399774119973 [3-99883|[9998] 3.99991 
19924 3-99069 9949 3-997 78 9974|3-998871[9999[ 3-99996 

9950 3.99782"1 9675 '3.99891 1'zo00014-00000 
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A Table of Artificial Sines, 
o Degree. - 


7-41797 
7-40373 
7.50512 
7.54291 
7.57767 
EE 
1 517 63982 
1607.84 
1717-09417 
i 817. 71900 
1917-74248 
26778475 
2117-78594 
227.8061 5 
25 7.82545 
2517-24308 
12517-86166 
(26{7.87870 
12717-39509 
125]7.91088 
2917.92612 


79 | 9-99999 


10.,000060 
9-99999 


999999 


9.99999 
999999 
998999 
999999 
999999 


9.99999 
999999 
999999 
9.99999 
2222²2 


9999996 


7.16270 
7.24188 
7. 30883 
7·36682 
241797 
746373 
7.50512 
7.54291 
7.57767 
2.6098 
7.63982 


; 


9-99999 


9.99999 
999999 
999999 


999999 
9.99999 
999999 
999999 
999998 


(3217-94084 


* 


9299997. 


7.66785 


9 99999] 7-69418 
9.99999 7271900 


Infinite. 
1353027 
13423524 
13.05915 
I2.93421 


12.683730 
12.758712 


42 118 
125318 
12.658203 
12.653627 
12.4788 
12. 45709 
12.42233 
1239014 
12.365018 
1233215 
1230582 
12. 28 100 
14222 
12-23524 
I2,21405 
12,19385 


12.17454 
12.45606 


12.13833 
12. 12129 


12. 10490 
12.089171 
12.07387 
12-0591 4 


Sine. 


9.99998] 2. 
— — — — 


1 ang. 


Secant. 


10.00000 
10.00000 
o. ooo 
1 0,00000 
10 00000 
10.0000 
1 0.00000 
10.9000g 
10.00000 
10.00000 


10 oOOOO 
1 0.00000 
1 0 ©0000 
19.00000 


10.90000 


— 
Jo. ooo 
130 


10. 


10. 00001 


10.00007 | 
10.00001 
10.00001 
10.00001 
10.00001 
10.00001 


1 0,00001 
10.00001 
10,0000 | 
10,00001 
10. o 
10. 00002 


Infinite. 
13.853627 
1323524 
13.085915 
22 
12.83 730 
12.7582 
2.69118 
12.633 18 
1 2.58203 
12.53027 
12.49488 
12.45709 
12.42233 


112,350i 5440 


2.36018 
12.3326 
12.380583 
12. 28 100 
222 
12.23525 
12. 21406 
12.19385 
12.17 55 
2.15607 
12.13834 
12.12131 
12. 10492 
12.0891 2 
2.07388 
12.056916 


„ 


89 Dærees. 


——— = * 5— 7 — + - 


- : 


=, —e— a "4 >.4 


1 451 


— —ä—ä4ätD nv —— — — 


Tangents, and Secans. 


o Degree. ; - 
7.94084 9-99998 y 12.05914 10.00002 1265976 
7.955089 99998 (12-04490 | 10.0000212.04492 
7.968879.99998 12-03111 [10-00092| 12,0311 
7.9822319-99998 12.017756 10.00002| 12.017277 
E 
8.007799. 99998 1.59212 10. 0002 11.99221 
8.020029. 99998 11.979965 10. o 1197998 
8.03 192 9.99998 11. 96806 10. 0000311 96808 
8.043509. 99997 11.956471, 11.956550 
8.0547809.929997 4.949.311.9472 
8.065781 9.99997 [11-93419}-990003| 1193422 
8.07650 9.99997 11. 92347 | ©-90903[11.92350 
8.0869 79.999997 11.913000. 00003 1.91304 
8.097 1809.999997 11.99278[10.00003] 11,90282 
| 8.10717 9-99996 11.89280[10.00004| 11-89283 
145 [$.1 1693] 9.99996 11.88304 [10.00004] 1.88307 
[45[8-1264719-99996 11.87349110-00004] 1187353 
8.135811 9.99996 11.8645 10.00004] 11.86419 
8.14495 9.99996 do 11.8500 10. ooοf . 85 f 
28. 153919.99996 1.84505 [10-00004 11.8409 
9.16268 9.99995 11.84727[10.00005 | 11.83732 
8.17128 9.99995 11.828657 10. oog 11.82872 9 
8.1797119.99995 6|11,82024110.00005] 11.82029] 8 
8.18799 9.99995 11,81196 [10.00005] 1.81202] 7 
8.19610]19.99995 [11,80384])0-00005] 11.80390Þ 6 
— — 1 — — — — Darier 
5.20407 19-99994 11-79587 122: 11-79593] 5 
15 8.21190 9.99994 eee 11.788111 4 
8.21958 9.99994 11.7803 1d. oooos 11. 78042 3 
8.2271319.99994 11.77281 10.0006 11.77287 2 
8.2345619.99994 11,76538[10.00006] 11.76544] 1 
8.24186 9-99993 8. 11. 5808 o. oooo⸗ 11288158. 
Sine. | ] Tang. | | Secant. 
| 89 Degrees. 
— nee oneomom—m——m———— — 5 
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— — Table | of Artificial Sines, 


: 


: 


| 9-99992 | 


9-99992 
9-99992 
9-99992 


She aw owls www of WIN 


9-2999* 
999997 
999997 
9.29990 


2 222925 


: 
— ——„—- - 5 


22221 | 


8.26332 
8.28986 


8.29629 
8.30263 


$1.72331 

11.71668 
11.71014 
1170371 
11.69737 
11.899112 


| 11.6849; 


1x.69888 
11.67289 


1.66698 


1186114 


11.65539 
11.6497 1 
11.6471 
8.3514 ,11.63857 
1.63311 
11.62771 
111.62238 


11.617110 


[11-61191 
1160677 
11.60169 
11.59666 


11.597170 


1158679 
12.8193 


| Tang. | 


: * 
. 
] 


Secant. 


10.00097 
10.00007 
10.00007 
10.00007 


10, 00008 
19.00008 
10,00008 
10.00009 


Io. ooo 


10.00009 
10. 00010 


10.00010' 
enter rr 


— 


10. 00010 
10. oo 
10,0001 1 
10,00011 
10,0001 2 


— — 


10.0001 2 
IQ,QQO1IZ 
10.0001 2 
10,00013 
10,0001 


— — 


10.00007 


10.00009 
— —— 
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Tangents, and Sccanz. 


— 


—ͤ—— — co 


E| Sine. 


30 8.41792 
3118.42272 


3218.42740 


3318.43216 
418.4330 
3515-44139 
3618-44594 
13715-45044 


9999778. 509 


1 Degree. 


11.58193] 


3090| 1.56304 
| [1.55544 


* 1454493 
821 3-45948[11-54052] 


fit. 1495 


2511.506756 

111.50271 
11.490870 
9.99978 3.505 27. 


[11.47544! 
11.4716 


— — — 


11 5771 5 
11.587238. 
11.567659 


11.553089 
1154939 


11.583645 
11.531833 
1.52755 
1152331 
111911 , 


11.1083 


1149473 


U 
1 


10. 00022 


Secant. 

—— — 
10.0001] 
10.00015 
10. 00016 


10. 00016 
10. 00016 


10,00017 
10.00017 | 
10.00018 
10.00018] 


10. 00018 
10. 0019 
to. ooo 
to. ooo 
10. 00020 

ph 
I10.00020 
I0.000ZI 
10.00021. 
IO.00021 | 
I10.00022, 


[1158320 


10. 00017 | 


1154577 


„ 


av Ys 


1t.58208 3 


11.577286 
157284 
11.56784 


11.55861 


11.5406 


11.5496 
11.5451 
11-54070 
11-5 3034 


11.53202 
I 1.52774 
11.5235 


11.4937 


11.511104 


11.505696 


11.5989 2 


11.49496 
1149103 


1148713 


1148327 
11-47945 
11.47566 
I 1.47190 
1146627 


11 
11.46081 
1.45718 


| 


—— — 
Secant. 
— 


11. 50292 


— 
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"A Table of Artificial Sines, 


2 Degrees. 


„ 


N 


ww owmlawtg 0 
9 80 80 of) 


It 


| $ 


0 


; 


— - -- - - 


-34642[9-99973 


$8.35354[9-99972 
$-55705|9-99972 


8.57849. 


3 8.57421 32-9996 
5719-99909] 


© £©% = #* 


851282 9.99 
8.671589 


964 


8.54282 959974 N 
9.550009 999738 


99954 


8.63718 
8.64009) 


[1.45331 


2411-42548 


11141879 
12 0:2 


811139932 
4111.396716 


411.3275 


1711.377166 


- 


* 
11.4569 


1144973 
1144618 


1.44266 


1.43917 


1 1 42836 


114222 


1141221 
1140995 


114072 
11409 


"1 1.39302 
11.380991 
11.386681 


11.383774 
11.3 8059 


1.37455 


1136869 
1136574 
11.36282 


11.3991 


FAY 


1143571 | 
J11.43227 


Tang. 


| 


- — o-_ 


Secant. 
10. 0027 
10.00027 
1900027 
10450028 
10:00028 


1145358 
1145001 


11.446446 


10. 0029 
19:00029| 
10400030! 
to. ooo 
19:00030! 


10:00031 | 


to. oo 32 
10. 00032 


10.0033 


10.000344 
10.000334 
10.000351 


10.000035 
rO.000ZE | 
10. 00036 
10.080037 


10.00037 4 


10. 00038 
10098 
10.009 9 
10. 00039 


10. 00040 


10. 00040 
10. 00041 
10. 00041 


— — — 
l 


11-44295 
11.432465 
11.453600 
11.43257 
1142916 
11.425729 
1142243 
1141971 


11.39027 
11.387718 
11.348411 
11.389706 
1132804 
1137504 


8 7 Degrees. 


| 
1145718 


1141587 48 
10003311. 
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Tangents, and Sccants. | 


— e 
* - 


ER. 


— 


2 Degrees. 


— 


” 


=. 


5419-99946 


42219-29944 


MJ 


9-99959 
9.99958 
9.99958 
9.99957 


999958} 3-05154 


999956 


9.999558. 
9.999558 


9-99954 
2:29954 
9-99953 


9-99952þ0: 
9:9995 240: 


9.99951 


222288 
11999950 


9.99949 
999949 


9.999488. 


299948 
9.99947 


9.99946 
9.99945 


9.99944 
999943 


8.71638 9.99945 
5.71880 L994, 


Sine. 


un — —— 


11.35994 


111.35702 


1135415 
11.351130 
11.3484 
11.3465 
11. 34285 
L1.34007 
11.3732 
11.334527 


11.33184 
11.329113 
11.326544 
1132376 
11.3210 


1137845 


11.31583 
11.31322 
11.31062 
11.30804 
11.8847 
11.30292 
11.30038 
11.29786. 


£65] 11:29535 


11.29286 
11.29038 
11.28792 
11.28547 
11.28303 
1 1.28060 


lang. 


| Secant, 


10.00041 
10.00042 
10. 00043 
10. 00043 
10. 00044 
10. 00044 
10. 0045 
10.00045 
10.00046 
10. 00047 


10.00047 
10.00048 


10.00048 
10.00049 
10.00049 


10.00050 
LO.00051 
L0.0005 1 
10.00052 
10.00053 


10.00053 
10.00054 
10.00054 
10.0005 5 
10.00056 


10.00056 
10.00057 
10.00058 
10.0005 8 


10.00059 
10 00060 


vY 

| ; 4 I 
1 
11.3603 2 
11.3574 
1135457 
11.3517 


34795 
1134609 


11.340353 
1133777 
11-33505 
11.33231 
11.32961 
11.32092 
11.32425 
11.321650 
11.31896 
1131634 
11.31373 
I1.31114 
11.30857 
1 1.30600 
11.30346 
11.30093 
11.29841, 
11.295691 
1.29342, 


1 1.29095, 
11.28849 


1.28605 
1.28362 
11.2812 


— — — 
Secant. 


2 


— 


87 Degrees. _ 


| . 


11.343301 
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I Table of Artificial Sines, 


* 


2 ao Ma 


+ v3.4 81 — 


5 _— 


$.71880 9.99940 
$.9212019.99940 
8.72360 9.99939 
8.725971 9-99938 
8.72834|9-99938 
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— 
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8.73069 9.9993 
8.73303 9.99936 
8.73535 9.99936 
8.73767 9.99935 
$.7399719-99934 
8.74220 [9.99934 
8.74454 [9-99933 
8.74689 9.99932 
8.74906 [9.99932 
29513919-9993! 
$.75353[9-99930 
8.755751[9-99929 
8.75790 9.99929 
8.76015[9.99928 


8.76451 [9.99927 
9.76658 9.99926 
8.76883 9.99925 
8.77097 9.99924 
8.7731019-99924 
8.7752219-99973 
8.7773319-999** 
8.77943 19-999*! 
3.2828 9.99921 

19.9992 


228558929919 
Sine. 


8.76234|9-99927 


: 1.28060 
11.27819 


11. 27580 


11.2734 
11.221094 
1 1.26868 
11.26634 
11.26400 
I . tes 


11.2937 
11. 25708 
11.5479 


1124577 
1124355 
11.24133 
11.239113 
1123694 
11.234753 
11.23258 
11.23042 
11.22827 
11.22613 


I 1.22401 
11.22189 
11.21978 
11.21768 


11.21559 


11.213801 


Tang. 


1.28120 
11.27880 
11.27641 
I1.27403 
11.27166 


11.2577 
rant. 
11.25320 
11.25095 
11. 24870 
1124647 


11.2442 5 
1124205 


7123549 


11.23333 
1123117 


11.2290 3 
11. 22690 
1122478 
1122267 
11. 22057 
11.218489 
11. 21640 


1121433 
| Secant. 
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Tangent, and e 


__ 3 Dees. 


8.82513 
8.82701 
8.82888 


3568 5.59970 


[5.99917 


19-9991 2; 
9.95971 


9.99. — 


9.99902 


| 9.99898 


9.99918 
9.99917 


9.9991 


9 99915 
9-99914 
9.99913 
9.99913 


9.99910 
9.99999 
9.99909 


8.82421 


. 
9.99901 


9.99000 


9.92899. 


9.99898 
9-99597] 
9.99896 | 

8 99895 


19-9989 


8.29470 
8.79673 


| 8.800 


& ae 


T7679 
8.78855 
8.79001 
8.79266 


8.7987 


8.80277 
8.80476 


8.80674 
8.80872 
8. $1068! 
8.81264 


8. 8.81459 
8. 8. 81653 
8.81845 
18.82038 
8.82230 


8.82610 
8.82799 
8.82987 
8. 83175 
8. 83361 
8. $3547] 
8. 83732 
8. 83916 
8. -84100, 
8.84282 


Sine. 


884464] 11-15 


11.17580!; 


| 
| 
T3. 772757 
1121145 


11. 20939 
1220724 
11. 20530 
711. 20327 
11. 20125 
1.197% 
1119724 
1.19524 
11.1932⁵ 
11.1 128 
1118932 
11. 187306 
11.1841 


11.18347 


11.181564 
11.179 


1117770 


11. 17390 
11.1720 


11.1701; 
1116825 
11.165639 


11. 1.16473 


11.165268 
11. 16084 


11. 18895 
1115718 


11. 15536; 


| Secant. | 


Tang. 


10. 00081 
0. 00082 
10.00083 
10.00083 
1000084, 


10.0008c 
10.000 
10. 00087 
10. 00087 
10. oo88 


10. 0089 
10. 00090 


10.00091 
10.00091 


10. ooo 


1c. ooo i 
10.00098 
10.00095 
10.00096 
ro. ooo 
10. 00097 
10. 00098 
10. 0099 


to. oo 1001: 


|10.00101. 


10.00102 
10.00102 
10. 00103 
to. oro 


8 
10 001 


1121433 
41. 21225 


it. 2102T, 
11 20817 
—8514 
11.2041 2512 
11.2021 
11. 20010 
1119871 
11. r 


11.1941 
11.1921 | 
11.190z2 
1118827 
11 11.8633 


11. 11.1840, 
11. 13248, 
11.180 6 


11.17 
11. 1127876 


11. (1.17487; 
1117299 


1117112 


1.15925 
11. 15739 


[1.10554 
11. 16370 
1116187 


ic, apy 


11.158231 


ZE 


— ——— — 


(1.15642) 
| Secant. | 


| 
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A Table of Artificial Sines, 


„„ 


Degrees. 
- — 


——— 3 


— 


5 — 8 


8 
5 

0 

— 

4 — 


8.86591 


e. 
8.84454 
8.84646 
8.84826 
8.85006 


8.86243 
8.86417 


8.86763 
8.86935 
8.87106 
8.87277 


8.87447 
8.87616 


8.87785 


1115536 
1115355 
1115174 


11.1494 
11.1485 


11.714537 
11.144650 


11.14283 
11.14107 


11.13931 


11.13583 
11.13409 
11-13237 
11. 13055 
1112894 
1112723 
11.125553 
1112384 
1112215 


1112047 
1111880 
1111713 
1111547 
1111382 
1111217 
11. 11052 
11.10889 
11. 10726 
11.106563 


11. 10402 


Tang. 


11.1377 


ou I 


Secant. 


— — — 
10.080106 
10. 00107 
10.001088 
10,00109 
10.00110, 


1000110 
0.00111 
1000112 
10.00113 


to. 0115 
10. 00116 
10.001117 
10. 00118 
10.001 19 


10. 00120 
10.000121 
1000122 
10.00122 
10.00123 
10.001 24 
10 00125 
10.001 26 
10.00127 
10.00123 


10.001 29 
10.001 30 
10.00131 
10.00132 
10 00133 


10 00134 


; hs - "4 


11.15642 


11.154 1 
1115282 


11.151031 


31:14925 
11.1474 
11.14571 
11.14395 
T1.14220 
1114955 
11.13872 
11,13699 
11.13526 
11-13355 
11.13184 
11.13013 
11,12844 
11.1267; 
11.12506 
33:12399 
11.12172 
11.12005 
11.11839 
11.11674 
11.119510 
1111346 
1111183 
11. 11020 
11. 10858 


11. 10697 
11. 10536 


Secant. 


— 


8 5 Degrees. 


1431 


E tl. Aa ts mn — A 


Tangent, and Secants. -. 


4 Degrees. - I 
. — - . - * LB — 2 
| | 
= Sin... . | Tang. I Secant. 822 


——— X—‚äaʒaae 53 


3008 89464 9.99866 8.89 59811. 10402 10. 0013411. 1053630 
31 | 8.89625 | 9-99365 8.89760 11. 10240 10.001351. 1037529 
32| 8.89784 | 9-99804 8.899200 11. 1008010. 0013611. 10216028 
33 | 8.89943 | 9-99863 [8.908011 09920 10,001371110057 (27 
34 | 8.90102] 9.9986218-90240|11.09760 |[10.00138| 1109898 26 
35 | 8.90260] 9.99861 [8.90399] 11.,09601 | 10.001 39| 11,09740]25 
36 | 3-90417 | 9.99860 [8.90557111.09443 10.0014 11.9583 [24 
37 | $90574|9-939859[ 8.907 1511.092856 [10-00141111.09 23 
33|18.90730[9-998581]8 90872[11.09128 0. 0014211. 0927022 
39 | 8-92385 | 9-99857 [8.910291 11.08972 [10.00143|I11.09115}21 
40 $.91040| 9-9985618-91185[11.08815 [10,00144 |1 1.08960 
4891195999855 8.913401. 08660 [10.00145|11.08805 19 
4218 913499998548 91495|11.08505 [10.00146[11,08651 [18] 
43|8-91502[9-99853 |3.91050|11.08351 [10 00147 [11.08498 [17 
44|8.91655|9-9985218-91803{11.08197 [10.00148|11.08345 [16 
45 | 8-91807 | 9.99851 [8.91957] 11.08043 [10.00149|11.08193 [15 
468.919591 9.99850 8.92110 11.078900. 001 511.0804114 
47|8-921101 9.99849 8.92202111.07738 lo. 001 521.0789013 
4318.922619 99847 8.924141. 07586 10 0015311773912 
498.9241109 99846 8.92565|11.07435 [o. 0154.075689 
501] 8.92561 | 9-99845 8.927161. 07 285 [0.00155 11.07439 10 
5118.927109 99844 8.92866 11.071340. C0561. 7290 
528.928 59 9.99843 [8.93016{11.06985 [10.00157]11:07141 
53 | 8.93007 9.99842 [8.93165] 11.06835 10.001581. 06993 
54 | 8.93154 |9-99841 [8.93313|11.00687 | 10.00159] 11.0684 
55 | 8.93302 | 9.99840 8.93462 11.06538 10.001601 1.06699 
561 8.93448 | 9:99839 1 8.93609] 1 1.06391 |10.00161|11.06552 
5718-9359+| 9-99838 [8.93757 11-06244 |10.00162| 11.06406 
58|8.93749| 9-9983718-93903|11.06cg7 |10.00163|11.06260 
59 | 8-93885 |9-9983618-94049|11.05951 [10.0016;[11,06115 
60 | 8.9403019-99834 | 8-94195|11.05805 [10.00166|11.05970 

TEE. [ Sccant: 


5 — 5 Degrees. 


»9+ low oo 


* 


| Min. o 


Ff 


ETTE 


- 


— — — — — 


* 


ne —_— 
So 1 Ow aw 


12 
3 


22 
OO 


060] 11.04949 


611104814 


67111.04233 


1.01908 
11.0 775 


— ants 

t1.05805 
1 1,05660 
IT,OTFREE 
11.056371 
1108227 


171.5508 3 


11.04790 
1 1.04656 


1184373 


t. 4093 
1103953 
1103813 


11.036755 
1103536 


11.03398 
11.0326} 
11.03123; 
1102987 
11.02850 
11.027 5 
1.02579 
11.02444 
11. 02309 
11.02175 
11,02041 


11.0164 


1000166 
10. 00167 
10. 00168 
10. 00169 
10 01 
10400171 
10.0072 
10.0073 
1000175 
10 00176 


10.001907 
10. 00178 
10 00179 
10.001 80 
10,00181 


10.001 33 
10.00184 
10.00185 
10.00186 
10 00187 


1000188 
10. 00190 
10. 00191 
10. 00192 
10. 00193 
10. 00194 
to. oo: o 
10. 00197 
0.00198 
10. 00199 
10.00 200 


"Tang. 


1 1.05970 
11,05826 
1 1.05683 
11.059 39 
11.083927 
11.056254 
11.0513 
11. 04971 
11. 04830 


11. 04690 


11.04550 
11.0441 
1104272 
11.041335 
1.03995 
11.038567 
1103720 


11.0331ʃ 


1 1.03040 
-11.02905 
11.027771 
1102637 
1 1.02504 
11.02371 
| 11,02238 
1 1.02106 


1 1.01974 
1101843 


11.03583] 
11.03447 42 


11.031755 


— — — 4 


al 


999790 
92079 89 


9:99787 
9- 99796 
9.99785 
9.99784 

619.9292782 £2274 


9.99781 
9-997 80 
9. 99778 
999777 
9.99776 


999775 
999773 
999772 
9499771 


9.90769 
9.99708 


9.997067 
9.99765 
9.99764 
999763 
9:99701 


Sine. 


0 9.9080;| 


9.00301 
9.90427 
9.00553 
9.00679 


9.00930 
9.01055 
9.01179} 
9-01303 
9.01427 
9.901550 
9.01673 


111.01378 


11101116 


611098204 


—— 
11.016842 


11.015110 


1101247 


0.99954 
10 99826 


10. 99699 
10. 99573 
10.9947 

10.993 21 

10.99195 

10.99070 

10.98945 

10 98821 

10.9869 

10-98573 

10.98450 

1098327 


[0.00202 | 
1 0.00203 
 10.00204 
to. ooo 
io. ooao/ 
10.0C208 
10-00209 
io. oo io 
10 00212 


10. 00273 
10 00214 
10.003215 
10 0021 7 
10 00218 


10. 00220 
Io. 00221 
10. 00222 
10 00223 
I 0.00224 


10.00226 
10. C0227 
10.003228 
1 0,00229 
10,00231 


10. 00232 


70.002000 


bl - 
1 1.01 192 


11.000678 
11. 005 50 
11. 00423 


10. 99420 


| 10.981 97 
110 95077 


Secant. 


l1,01712 
I1.01581 
1101451 
11.013321 


11.0103 


I 1.00934 
11.00896 


11,00296 
11.00170 
11.00044 
10.9991 U 
19.997293 
10. 99668 
10.9954 


10. 99296 
10.991172 
10.990409 
10. 98926 
10. 98804 
10.986682 
10.9850 


10.598439 


10.983118 


— _ = wk = R8ww %% wo ww wo 
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A Table of Artificial Sies, | 


= o | vi" 


lo gw ow ba uw NH 


oY 


—_ — — * — 


90192499970 


— — 


9.022839 99757 
902520 9.99755 
9.02639 9.99753 


90275715 
9-02874|9-99751 


9.03690] 9.99741 
9.039201 9.99738 


9.04376 9.99733 
9.04490 9.99731 


9.049109. 9972 


9.02044 9.99760 
9.021639 99759 


9.0240219.99756 


999752 


9-0299219 99749 
9.0310919.99748 
903226999747 
203342299775 
9.0345819-99744 
19 9357419-99743 


9.038059 99740 


9-04034[9-99737 
9.0414919-99736 
9.042631 9.99734 


9 046031999730 
9.0471519 99729 


9.0482819-99727 


9.0505219 99724 
9.05164 19.997 23 


Tang. 


1 
V 


9.02162 
902283 
9.02404 
9.02525 
202 46 
9.02766 
9.02885 
9.03005 
903124 
9.03243 
9.03361 
9.03479 
9.03597 
9.03714 
9.03832 
9 03949 
9.04065 
9.04181 
9-04297 
9.04413 
9.04528 
9.04043 
9.04758 
9.04873 
9-04987 
9.05101 
9.05214 
9.05328 
9.05441 
90557 
9.05666 


_ 6 Dre. 
[* 


10.97838 
10.97717 
10-97596 
10.97475 
10.97355 


. 
10.971156 
10.96995 
10.96376 
19.96758 
10.96639 
10.96521 
10.96403 
10.96286 
10.961 68 


10.9605 2 
10.95935 
10.95819 
10.95703 
10.9557. 


10.95472 
1095357 
10 95242 
10.956127 


10.950113. 


10. 94899 
1094786 


10.94672 


1094559 


10.9447 
1094334 


10.00239 


10.00251 


Tang. 


_— 


Secant. 


10. 00240 
10.00241 
10,00243 
10 00244. 
10. 00245 
10. 00247 
10. 00248 
1000249 


1000252 
0.00253 
1000255 
10.00250 
10.00258 


10.00259 
10.00260 
10.00262 
10,00263 
10.00265 
10.00266 
10.00267 
10.00269 
10. 00270 
1000272 


10.0273 
I 0.00274 
10,00276 
10,00277 
10.00279 
10.00230 


10.98077 
10.97957 
10.97837 
10.97718 
10.97598 


10.97480 
10.97361 


1097243 
10.97126 


10.97008 


10.96891 
10.96774 
10.96658 


10.96542 
10.964.26 


10.96310 
10.96195 
10.96080 
10.95966 
10 95852 
10.957389 
10.955624 
10955mn 
1.95327 
1095285 
10.956172 
10.95060 
10.94948 
10.94837 
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Tangents, and Secants. 


— 


2 


9 
9. 


9 


9! 


670189990 
07124 


29223 


7337 


9:074421 9-99 
559.575 
907653 


2% 


675489990 


2 
5 
719082809. 


0872 
08176 


9.08383 


9g 


08486 


? 20 


905890 
9.06002 
14 9.06113 
9.06224 


9.06335 
9.06445 
9.05550 

9.06666 
3 
9.06885 
9.06994 
9.07103 
29919-07211 
598 19 97320 
9.07428 
5 9.07536 
9:07043 
9219-0775 1 
90 | 9: 07858 
9:07964 
9.08071 
908177 
| 9108283 
9.08389 
9: 08495 
94038600 

9.08705 
19.088t0 


9.0891 
9 . 


"Rane. 


— — „ — 


Tang | 


9.056006 : 
9.05778! 


6 Degrees.” _ 


— — — 


0.94334 
10.94222 
10.94110 
10. 93998 


10.9388 
109377 
10.93665 
10.9355 


y 


10.9344 


10.93335 
10.93225 
10.9317; 
10.93006 
10.92897- 


10.92789 


10.92680 
10.92572 


10.92464/ 
1092357 
10. 92245 


1092142 
10. 92036 
10.911929 
1091823 
10. 91717 
10.9161 1 
10 91 505 
10.9 1400 
10 91295 
1091190 
rogto86 


Til — 


10. 00280 
10. 00282 
10. 00283 
10. 00284 
10. 00286 


10.00287 


10. 0295 


10 -00298 
10. 00299 
10.003011 
10. 00302 
1000304 
10.000305 
10,0030 
10. 00308 
10. 00310 
10.0031 
10.003 13 
10. 00314 
10.003 16 
10.0031 7 
10.003 19 
10.003 20 
10. 00322 
10.003 23 
1000325 


n... ICS —— 


0. 0296 


4 


ey — 


10.928706 
1092769 
10.926063 
10. 92558 


— 


10.9464 
1094503 
1094393 
10. 94284 


10.9472 


1094063 


10. 00289 | 10:97954 

10.00290 | 1093845 | 
10 00292 10 93736 
10.00293 {1 0.93628 


1093579 
109342 


10.9330 


10911960 


1893089 
1092982 


10.924582 
10492347 
1092242 


10.921137 


10.9203 2 
10.91928 
10.91324 
10.91720 
10.91617 
10.94514 


1091411 


Secant. 


———. 


2 


Ff 3 
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—— 


= 


114 84 
9.11281 


9.11377 


999050 


9.11474; 
9.11570: 


7 


Fes. 


| A Table of Artificial Sines, 


9.996048 
9.99640 
9.90644 
9.99643 
9.99642 
9.996 
9.99638 
9.99637 
9.99035 
9.99634 
9.99632 
9.99630 


; 
| 
; 


940555 
9.10656 
9.107 56 
941 0356 
9.10956 
941056 


9.11254 
9 * 155 : 


9.11649 
9.174˙ 


| 10 91085 
10ο˙ο9 


1419-99773 
19 90670! 


94045441 


ga1455| 


9411353 | 
9.11482 | 14 


8 


20 


1 0.9098. | 


10 90403 


Sebant. 


10.00327 


19.00340 
10.003831 
1000333 
10. 00334 


60119-00336 


10.00g38 


| 1900339 
10-00341 
10 00342: 
10. 0344 


1000345 


10:00347: 
10490349 
10100350; 
10:00352: 
10.003 53 
18e 
10. 00357 
10. 00358 


10.00360 
10 00303 


81 19,003b5 


10 00367 
10.00368 
10. 00370 
10. 00372 


nd 


9996299. 118451088 
2 — 2 ꝓ— 0.38, 
Sine. F 


1 


10,00302|. 


2222 
1 


— — — — — 
12 99325, 


1900328, 


19.9141 1 
1091608 
1091205 


19.91403 | 


to- goon 


— ſ — — 


10 90999 
10. 90798 
10 90696 
10. 90995 
1090494 


20.90394/ 
10 90294 


. 


. 


10.90193 
10.9009 
10. 89994, 
10.8 | 


10.59795 
10.39696; 


| 


10,89598; 


9 


. 


. 
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Dot war. a — e 2 


151 


152 


531913722 


154 


9413 539! , 


9.13630 


get 20 


62419 12138 


912235 
912332 


9.12825 
9 12620 
9.12717 
9.12813 
912909 
913004 
9.13099 
9.13194 
9-13289 
9.13354 
9413478 


19-13573 


9.13607 
913761 
913854 
9.13948 
9414041 
9.14234 
9414227 
9.14320 
9414412 


19414 504 


9114597| 


9-1 2428 


9.14689 
14780 


4 


id 00373 
10-0037 5 {1988334 
1000377 10.98239 
10. 88143 


| 


10.86711 


10436616 


10.386522 
10.86427 
10. 86333 
10. 86240 


40.86146 


10. 86052 


10435959 
1085866 


[40485773] 40» 


[20,85@80| 


2085 588 
104854906 
10(35403 
10435312 
10i35220 


Lang. 


10 00378 
2 18.0380 


7 78.503842 
1000383 
0.00385 
0 00387 
1.00388 
41 0.00390 i 
10400392 
10.00393 

10:00395 | 
10:00397 | 


10. 00399 
10.0040 
10,0040 | 
10:00404 
10. o 
40. 0% 
10. oo 
40.0041 1" 
1 06004127 
t0-00444: 


10,00421 | 


180477 | 
1029418 | 
10,00419 [1 


10.00423 | 
1 10 00425 — 


10. 10.83048 


10.87953 7953 
10.87858 
10 87764 
10. 87069 
10.8755 
10 87481 
10.87388 
10:87295 
10.87 201 
20,87108 
10.87015 
10.896922 
10.868329 
10. 86737 
10. 8664 5 
10.863553 
10. 86461 
10. 86370 


10.866278 


10.861987 


E . — : | 


Ff 4 


| 


— 
- 


[449] 


A Table "of "Artificial — 


_—_ —— ti 


14 


| ry 3 Dez _ 
1 2 13 


f 


| Secant. LE 
— —— — . 143 — — * 
9.143569 99575 578.5 10. 00425 10. 85645 60 
9-1444519-9957419-1487210.35128110.00427| 10.85555] 59 
9.145359 9957219-14963 þ10.85037J10 00428] 10.85465] 58 
9-1462449-9957049.15054þto $49461t0-00430] 10.85376| 57 
| 
b 


: 


* 
Sine . Tan 3 
3 SM : . 


- _— - - 


9.1471419:9956819 15145hro $4355 p10:00432| 10:85286] 5 
9.14803 9.995669. 1523610. 8476410 401587757 55 
9.148929 995659. 15327 [10-84673110.00435\ 10.8509] 54 
— 9:99503 9.18417 [0.84583 10-00437| 10.85020] 53 
9:1506919:9956149.r5508Þ 1084492} 10.00439| 10.84931 | 52 
| 919151571 9-9955919-15598110.84402[10.00441{[10.84843| 51 


— — — — — — — — —— — — 


109. 152459.99557 [, 1508910. 84312 10,0443 108475550 
1119153331 $:9955019-15778 [10,84223 10100445] 10:84667| 49 
r12]9-r1542199:9955419-15867110,84133t10,00446{ 10.84 57948 
139.5508 9:9955219.15957110.84044} 10,00448] ro. 8449247 
9.155964 9:9955019-16046110.83954|10:00450] 10 84454 
9.756839. 99548 [%¼%6135 0.83805. 10.0452 108437745 
169.6577 9:9954619.16224 [r0.83776110:064 54] 1084230] 44 
1719-15857] 9:9954519-16312|1r0:33688}10.00455| 1084143] 43 
819-r5944#19:9954319-16401 [10.83 599} 10-00457] 1084057] 42 
19] 9.160301 9:9954119.16489}10 8351111000459] 10.839704 
20 00201999599 9. q9.16577110.83423|[10.00461 10;85884] 40 
21 9.16565 70. 83335 10,0463 r0:84799] 39 
229. 162999.99 5359.167530. 832471000465 108371238 
319-1637419:9953319.16850410.83159}10:00467] 10:33626| 37 
24|9-16460190:9953219.16928 |10.83072110 00468] 10/83 $40] 365 
2519-r654519-9953019.17016}10,82984j10,00470| 10.83455| 35 
2609. 166319996289. 17103 10.828970. 004721083369 34 
9.1671619:9952619.17190110.82810[1 0.00474] 1083284 | 33. 
9.16801 [9i9952419.17277110.82723[10.00476] 10:83199] 32 
9-1688619i9952219, 173631082637 10. 00478 1083714031 
9 1690 999.0 22. 10.82550110.00480 1033030 2 
| [ '- Sine. 1 Tang. | * ' Secant. =y 


Lo BY — ——— 


7 Degrees. | 


age gal = of unn | 


(44r] 


"Tangents, and — a 


q 
— — | 


8 Degrees. 


9.1862819.99782! 


— „ o_-_ ͤ * 


Tang. 

5555576 5578850 
9.99518 9 17536 
9.99517 9: 17622 
9.99515 9.17708 
07 |9-9951319-17794 
191 [9.99511 | 9. 9.17880 
9.99509 9.17966 
9-99507 [9.18091 
9.99505 [9.18136 
9.99503 9.13221 18221 
9.99501 9.18306| 
999499 9.12497 | 
9.99497 [9.18 
9.99496 9.18560 
3.18137 [9.99494 [9.18644 
9.99492 9. 0.18728 
9.99490 2 
9. 99488 9: 18896 
9.594569. 153752 
9:994%4 9945419: 19063 
9.9945019-19229 
999475 
9-99470 


9.19395 


895219.9947419-19. 9. 242 | 


9:9947319: 946055 
9.994709,19843 
9.99468 4 19725 
9-99466 [9.19807 
9-99464 [9.19889 


2 5 dd 8 9: 19971 LE 


—— % 


- 


10. 82550 


10.8244 
10.823789 
10.82292 
10.82206 


10.82120 
10.82035 


1800 
10.818 


10. 10.8179, 


10. 10.871694 
10. 8609 
10.815825 
10. 81440 


10.8135 


10.981272 
10.891188 
10.871104 
10.8021 


10. 80937 


9. :rgr46 


10. 80864 
10 25751 


9.19312 10.80688 
10. 80609 


10. 8052201 


1.80439 
10. 80357 


10. 80275 
10. 80193 
10. 80111 


10.80029 
iy | | 3 


”". 


I Secant. 


— 7 


10. 00480 
10. 00482 

10. 00484 
10. 00485 
10: 10. 00487 
10. 10.004489 
1.00491 
10,00493 
10.080495 
10: 19:00497 
10. 10.004909 
10, oon 
10. 0503 
19.00505 


10:00507 
10.00508 


10, 009¹ö,˖j 
10. 00512 
10. 00514 


10.0 ˙ 


10.00518 
10,0520 


10. 0022 
10. — 10.8172 
10 2832 


10.005 28 
10:00530 
10.00532 


10.009334 
10.00536 


10. 00538 


. — — 


10. 8294529 
10.82861 | 28 
10.82777 | 37 
1082693 [26 
10.82609 25 
10.82526|24] 
10.82442|23 
10.82359|22 
172 10.822761 


' 


10. 10.82r93 20 
10.821111 
10. 820271 
10.871949 1 
10.981803 

10. 10.977805 15 
10.891698 14] 
10. 816171 
10.813511 
10.81453 
10 81372 ro 
10.891291 
10.971210 


1.81980 

10.80968 
10. 80987 
10.80807 
10. 90727 
10. 90647 


10. 10.80567 


i, 


cant. 


* Dapreer.. 


a 222 <<.» 9 4+ - 


: 


| Min. CHEE $5 


of 
- 


— — 4 
- 
- 


— —„— 


„ 
= 
— — 


Table of 


[442] 


— er 


_ — 


Degrees. 


rtificial Sines, 


EE 


SSD 
2 — — 
wy | 

— H3, 

» ©. © © 


97 [a2 22209 


9.29021 
[Rota 
[9.40782 
9.20862 
9.20942 


9.21022 


9421 102 


9121499 10.78501 


922364 22298 


1 1.80029 
1.79947 
10.79 
19-79784 


10.796022 
10.79541 
10.794 

10.79379 
1979299 


10.79138 
10:799z8 
10.78978 


10.78898 
10.78819' 


107085 


10.785 80 


10. 78422 


10.77951 


10:77 


10.79218] 


10.78343| | 

I 7850 

10.781861 

91218931 10-78t97| 10,00587 
10 


18.7873 
| 19-77795 10,09 
7 


Secant. 


10. 00538 


10.0540 


60. 00942 


10. 00544 
10. 00546 
10. 00548 
10. 005 50 
10.00552, 
10,0055 | 
10.005 50, 


10.003F8$, 
10. oog 
10. 0562 


9 


10.00566 119.79405145 


10.293090 
110.7923243 
[10-79155142 


10.86567 2 
10. 8048859 

3859 
10. Soo 58 
10. 80328 57 
10. 80249 55 
10. 307701[33 
10. 8009154 
10. 80012053; 
10-79933152 
127985551 
10.7977 75 
10.7998 2 
10. 7962048 
10-29542147 


10.79387 [45 


48 J 


— 


Tangents, and Secants. 7 A 


— 


9 


Degrees. 


% A 0 


7 — 


8 
9.21830 | . 


33 4 


14 


31 
32 


3 
; 
37 
38 


2 


21912 


21987 


9.22062 


9.22137 
922212 


9. 22286 
922364 


— 2 


99 22509 
19- 22583 
9.22657 
9.22731 
9.22 


9.22952: d 
9.23025 
19+ 23098 
2 


96] 9-22546, 
922598 
92 22 10. 


66 9.23886 
64] 9+23661þ 
923737 


f 9.241 12 


Tang. 


| 9.22361]; 


9-22438, 


9-22747 
9.22824 


9.22901 
9-22977 
9-23954| 


9.23131 
9.23283 


19-23359þ 
17219: 22 TO. 


9423510! 


22882 
9.23887 
9.2 

9.24037 


9.24187} 1 


9-23297 þ 


159757 


7076113 
210.76038 


10.75963 
10.75888 


10, 25814! 
9 
10,5005 
14778280 
1,55 
1,7442 
| 21 19:75393119 


1 


Ho. oo 


10. 00608 
10. 00610 


110.00617] 2097 


110.00 


N 


10. oo 
I 0.00604 
10.99606 


10. o06 tg 
10. 00615 


19. 10.0019 
2c. 
10.000623 
10. 00625 
10. 00628 
10. 
10. 00632 
10. 00634 
10. 00636 
10.006384 
19.01 
10.0864 
10. o 
10.00647 
10.00649 
10. — 


005 
10. 255 
12 — — * 
— 


} Tang 


110272938 


10 2239 
10.7864 


1098s 


1079013 


10.778063 
10.777 
— 


—— — 
7677491 
10.7747 
1077343: 
$0.77269: 
20:77195; 
10.7712 
10.7704 


10.760975 


0:769021 
2078829 
10.767 56 65 
10. 76683: 
10.76610; 


1076538] 7] 


10:70455% 
1070393; 
10.763210 
$110:76249; 
10-761 77; 
10. 76 


10-76033; 


1” Secant. 


„ 


* 


bs 444 y 


| 


a 


. 1 * 9% 


wy 9 


— ᷓ r. — 


8 


Es 


w 


924395 


r 


"> — _— - - 


9-2537 
9-25445 


25995 


nende err 


23967 9.993359 | 
9.24706 10. 
9.24779 
9.24853 


24039 9.99333 


24770 9.99331 
9. 72255 99328 
2222 99326 
24324 9.994324 [9.25000 
19: 99322 | | 
9.993209. 25146 
9 99317, 


19:99315 
9199313 


9.99283 
9.99281 


259271 9,997 


Sine 


9.25219 


$.24818/9,99308 
1819.99308 
9 — 
1228 2.224 
— — 

9.99299 
925168 4 99297 
925237999294 
2 25307 9.92292 
(9.99988 
9-25 Fre 9.99285 

255 

— 
9.28721 
9% 257901 9,992 
9.25858 


9254371. 
9!/255to[16. 
9125582 ice 
Nee. 
926727 
9257 

34385 
9.27943] 
e 
9260861173914 
9:261;8[r0i73842 
926229 C 
9.26301 ro! 
9:26: 22 10 10173 
9.99278 


9.99274 


9.99270 
Of — 


- 
Tang. 
, 


9.24632 


9.250% 10.74% 


10. 7514710. 
9.24926 20-75074 10. 


wicewncwc wc wu ww} .oarxat 1 


* 


1 i. 1 1 reren 


10. 70 


—— 


— — 


(445 ] 


Ge tt — 
Tangents, and Secants. 


10 Degrees. 


— 4 


„ 


Tang. | 


35 [9.20403 
3619-20470 


959257 9.25797 
9.99264 | 9.26867 
9.992629. 26938 
9.99260 
9.99297 
9-99255| 9-27148 
9.99253 9.27218 
9.99250 9.27288 
9.992481 9.27357 
9-292451 9-27427 


9-27008 
9.27078 


49 9.26739 
41 9.2680 
42 9.26873 
43926940 
4292 
45 9•27074 
46 9.27140 
47 9.27206 


9.992431 9-27490 
9-99241| 9.27566 
9.992380 9.27635 
9.992361 9.27704 
9-99234|9-27773 
9-9923119-27842 
9.99229 9.27911 
9.992261 9.27980 


10.7320 


10.73133 
10,73063 
10.72992 
10.72922 
10.72852 
10.72782 
10.7271 
10. 72643 
2 
10. 72504 
1972434 
10.72365 
10 72296 


10.72327 


10-72158 
10.72089 
10.72020 


| ne 


ö = 


10.00733 


10.00736 
10.00738 
10.00740 
10.00743 
10.00745 
10.00748 
10.00750 
10.00752 
10.00755 


10.00757 
10.00759 
10.00762 
10.00764. 
10.00767 
10. 00769 
10.00771 
10.0077 


48 9.27273 


9.992249. 28049 


10.71951| 10.0077 


* 


10. 73937 
1.73869 


10.7380 


10.737335 
2 
10.73597 
10.735380 
10.734652 
10.73395 
1.23328 
10.73261 


10.73194 2 : 


10.731271 
10. 73060 


1.22993 
10.72927 
10. 72860 
1072794 
10.72727 


| 


49 9-27339 
50 9.27405 
51.9.2747 
52 9.27537 
53 9.27002 
222 
55 927734 
56 9.27799 


9.99221 9.28117 
9.992191 9.28186 
9.9921719.28254 
9-99214|9-28323 
9.99212{9.28391 
9.992091 9.28459 
9.99207|9.28527 
9-99204|9.28595 
9.992021 9.28662 
58 9.2793019-99200|9.28730 
59 9-2799519-99197 9.28798 
60 9.28060 22.2 9.238865 
= Tine. 


10.71883 
10.71814 
10.7174 
10. 71678 
10. 71609 
10.215841 
10% 
10.7 1405 
10.71338 


10. 72661 


—ů— — — — : 


| 1072595 
10. 72529 
1072463 
10. 72398 
1.22332 
10. 72266 
10. 72201 
1072136 
10. 72070 
to. 72006 
10. 71940 
Secant. 


10.000779 
10.0078 1 
10.00783 
10.00786 
10.00788 
10.00791 
10.00793 
10.00796 
10.00798 
10. 7127010. 0800 
10.7 120210. 00803 


10.71135 [10.00805 
Tang. | 


FX 3 79 Degrees. © 


- ww plow 


| 


tt. Mi. 


b Min. lo 


— — 


4 [46] 


4 Oey "A Table of Artificial Sines, 


14-Degrees. 
— | 4 | Dog. | | Secant. | _ 


DM » I” — 


| 


| 


&4 +4 


e 7 nw; "9.28865 10.771 5110.00805-149.71940{60 
Rm 281256 999192 9.28924 10. 7109 10. oo 10. 71875590 
9 281909. 99190 929 10. 71οõỹd 10. 0081010. 71810158 
928254, 9.9187 9.29060 10.7033 10.0013 1,1746057 
9.28319 28319 22185 20185 22.34 20855 10. 10.00815}19. 19.71681[56 
9. 938. 999185 Garde: '9-29201 10.70799] 10. 10.00418|10. 71616 55 
9-28448 9. 99180 9.29268 9 .70732410.00820|19:71552[5 4 
9.28512 9.99177 9-29335 10. 7066910. 02310. 7148853 
9.28577 9.99175 9.294010. 099810. 00825 10.142352 
9.2 t 19-9917 29472, 929408 10.70532[10.00828|10.71359 $1] 
[10]9-2879519-99470, 9-29535/10-70405| 10.90830t 10.71 295 |50| 

8269 9.99767 9.29601 10. 70399 10. 0083310. 71231049 
[3219-28833 19-291 6519-29668] 10.70332} 10.00835} 107116748) 
88969. 951025 2934/10. 706610. 00838 10.7447 

14 2282 9. 28.9 22800 10.79200}10.00840} 19:71040] 46| 
18 9-290a4. 99157 9.29866 10. 70134 10. 0084310. 7097645 
1619-29987 19-991 5519-29932] 10. 00810. 00845 10. 091344 
1719.291509 . 99152 9.29998 flo. 20 10. 0g o. 708504; 
189.2914990 9.30064 10. 6993610. 05010. 7078642 
19 2222 19:99 -99147 9.301 3010.698771 1.00853 10:70723141| 
20[9-2934919-99245|9-30195| 10.6805 | 0.008555 10.70660|40| 
99924 9-39261 10. 6923910 0085810. 70597 39 
9.9910 9.30326 10. 6967410. 0860 10. 7053438 
299997379 3039110. 5960910. 0863 10. 70471037 
„e 


22255 9991 0.00132 930522 10.694785 10. 0086810. 7034635 
5.99730 9. 3059710. 94 10. 0087110. 7028434 
_ [27 9.9 7999279. 22 10. 7022133 

$ [9-29841 9.91 24/9. 10,9293 10. 0097610. 30159032 
9.29903 9.997 2209.308210. 69218 10 00878} 10. 700953; 
Lent 9 e 10 0o881110-70035 30 


00 Fn : f — ' 


„„ vx WW rv eo wk war „ = „ ww Ww MCT , I* 0 9 wr TT OY REPS 


"Sine. | Tang | | Secant. 
| 78 Degrees. + E. 


—— , g— gy yr 


» Joe 


[497] 


.-- Tangents, and Secants, | 


19-31040 
9-31104 


—— — 


9.31233 


9.31361 


9.3609 !. 99049 
9.31669 9.99046 
9.31728 9.99043 
9-3178819.99040: 


11 Degrees. 
8 


:39846 10 8844 
991179. 30911 10.609089 
9.30975 10. 69025 
10. 68960 
10.668896 
9.31369] 10.6883 2 
10.68767! 
9.31297] 10.68793 
10 68639 
9-31425 1068575 
9.37489 10.685712 


5210.684448 
876 


10. 67689 


222 
2 


10.668384 
10.668321 
2839.3124319.68257 
10.668194 
9.31870 10.68 130 
9.31933 10.668067 
10. 68004 
9070[9-32059 10.67941 
9.-32122}10.09878 
9-32185)10.67815 
9906219322481 10.07 52 
332311 

9.99057 19:42373 
4932436 
519.3249810. 6750 
9.32561 10.670439 
9.32623 10.7377 
9.32686 10.673156 
23224 = 


ro. oog? 


6.09 


10. 00933 


10 67627 
70.7564 


E. 
10.0088 
10.008 
10.00889 


19.00891 
—— vet. 4 


10. 

—— 
10. 0899 
10.00901 
10.00904. | 
10.00907 
10.00909 
10.0091 2 
10.00915 


10.00920 


10.0092 
10.00928 | 
10.00930 | 


10,00936 
10.00938 [1 
10.00944 
10.00944 


9 


78 Degrees. 


— — —  — — 


* 


LD 


. 


— As. 


1 a \O 


-- — - 


9 » »Þ W + 


[ 448 ] 


A Table of Artificial Sines, 


9.590% 
9.99038 
9 99035 
9.99032 
9:29939 
9.99027 
9-99924 
9.99022 
9.99019 
9-99916 
9.9901 3 
9.99011 
9.99008 
9.99005; 
22220 
9.99000 
9.98997 
9.98994 
9.98992 
9-3290219-98989 
9.98986 
9.98983 
9.98980 


re 


** 
__ — ct 


ls 9 ow | 


10 
111 


12 Degrees. 


Tang. 

9.32747 
9.32810 
9.32872 
9.32933 
9.32995 
9.33057 
9.33119 
9.33180 
9.33242 
223595 
9-33305 
9.3342 

9.33487 
9.33548 
9-33009 
9.33670 
9.33731 
9-33792 
9.33853 
9:33913 


9.34034 
9.34095 
9.34155 


9.34276 


69 9.34336 


9.34396 
9.34456 
9.34516 


9.33974 


9.34210 


10.67253 
10.67191 
10.671 29 
10.67067 
10. 67005 
10. 4 
10.666881 
10.666820 
10.66758 


10.66697 
10.6663 5 
10.665574 
10.6653 
10.6645 2 
. 
10.663 30 
10. 66269 
10.66 208 
10.661 47 
10.66087 


10.01000 
10.01003 


10.01006 


10.01009 
10.01011 


10.01014 
10.01017 
10-01020 
10.01022 
10.0102; 


10.01028 
10.01031 
10.01034 
10.01036 
10.01039 


10.01042 


236575 5425 


$ 


— — — 


10.68212 
10.68153 


10.68093 
10.68034 


19:27974 


10.67857 
10.67798 


10.67330 
10.67272 
10.67214 
10.67156 
19.67098 
10.67040 
10.66982 
10:66925 
10:66867 
10:66810 
10:66752 
10:66695 
10:66638 
10.665 80 
10.665 23 


10.66466 


Secant. 


27 Degrees. 


19.67916} 


r0.67739] 
384 | 19.67681 


_— 


— 


a. \ 


— — i 


[ 


- 


449] 


.—"Tangen 


ts, and Secants.- 


=—_Y 


12 Degrees. 


24 — — — 


— 2 _ —_ —_— — — 


9.33537 
9.33591 
933648 
9.33704 
2. 
| 9.33818 
9-33874 
9-33931 
9.33937 


221234243 


9-34100 
9-34156 
934212 
934268 


935154 
9.35209 


lr 


9.98941 
9.98938 


9.98936 
9.98933 


9.98930 
9.98927 
9.95924 
9.98921 


4.232228 
9.98916 


9.98913 
9.98910 
998907 
998904 
9.98901 
998899 
9.98896 
9.98893 


998890 
9.98887 
9.98884 


9.98881 


9.98878 


9.98875 


9.9887 2 


Sine. 


— —U—ũ 
9.98958 
9-98955 
9.98953 
9.98950 
298947 


9 98944 


Tang. 


9.34570 
9.34635 
9.34695 
9.34755 
9.34814 


9.34933 
9.34992 
9.35051 
9.35111 
9.35170 
9.35229 
9.35288 
1935347 
I 35495 
9.35404 
935523 
9.35581 
935040 
935698 
2.4.4 Io wa 
9.35757 
9.35815 
9-35973 
9 35931 
9 35989 
9-36047 
9.36105 
9.36163 
9.30221 
9.36279 
9.35330 


9.34874 


| 


10.6536; 
t0:65305 
10.65 246 
10.5186 
1065127 
0.65067 
1065008 
r0.64949 


10.64830 
10 64771 
10.6472 
10.64654 


10. 64536 
0.64478 
0.64419 
10.64360 
10:64302 
10.64 243 
10.64185 
10.641 27 
10. 64069 
10.6401 


10.63953 
10.6389 5 


10.63779 
10.03721 


Tang. 


10 64889 


10-04595) 


10.63837 


10.63664 


10.5425 


10. 01042 
10,01045 
10,01048 
10,01050 
(0.01053 
10.01055 
10.01059 
10.0 1062 
1001064 
10 01067 


——— — — 


10. 01070 
1001073 
10-01076 


1001079 


10 01081 


10.0 1084 
10.0087 


10. 1090 
1001093 
1 0,01090 


EST 
* %# 


10.66466 
10,66409 
10,66353 
10.66296 
10.66239 


| 10.66184 
10,66126 
10.66069 
ro.6601 3 
10.65957- 
10.65900- 
10.65844 
10.65788 
10.6573 2 
10.656576 
10. 65620 
10.655635 


10.65 509 
10.654535 
10 65398 


10.01099 
LO.CITO2Z 


10,01104 
10.01107 
10,01110 


10.01113 
10.01116 
10.011 19 
10. 01122 
1001125 
10.011128 


0.65342 
10.65 287 
10.65 231 
1 0651 76 
10:65121 
10:65066 
10.6501 1 
10.64956 
10.,64901 
10.04846 
110.04791 
| Secant. 


i 


W 


* 


2 4 
— — — ——— — —— 
- 


_ 
\S 


E 


PRA —— NT TT IIS 


— 


| 


Min. o — » 6a + n to co \O 812 — 


2 


— 


Gg 


ls vs 3 NN 
8 
to 
8 


6449 98840 


6 9.9883 : | 


9.98864 
2 — 


[9.98858| 
619:98855 


9.98852 
9.98846 


9.98834 


9.98843 
06998840 
9.98837 


Secant. 


9.37137 | 
9.37193 
9.37250 
9.37306 
9.37363 
2288192312 
9.37470, 
9-37532 
9-37588 
9-37044 
9.37700 
9.37756 
937812 
9.37868 


1001130 


10.63319 
10.63 262 
10,63205 
19.63148' 
t10.63091 
66} 10.63034. 
1062977 
| 10-62920 
10.62863 


19,62807 
10.627 50 
0.62694 
1062637 
10.6281 
10.662524 
10. 62408 
10.6241 2 
10.623 56 
10.62 300 
10.6224 
10. 62188 
1062132 
1062076 
o. 62020 

1061965 


Tang. 


10 01164 


10.01 196 
10.0· 199 


10,01 202 


10,0121 
10,01214 
18501217 


1001128 
0. 01131 
10.01 133 
10. 0t 136 


10. 01142 
1001145 
1001148 
10. ot 151 


100157 
10. ot i6o 
1001163 
10.011166 


10.0117 

1001175 
1001178 
10.01181 
10.011.84 


10.01187 


10. 01 190 
L0.01193 


10.01 205 
10.01 208 


1 
10.6479 
10.4737 


10.64682 
10. 64627 


10.6473 


10.6459 
10.644064 


10.6440 
10.643 56 


1064302 


10. 64248 


10.6494 
10.04140 


| 10.64086 | 


10.01169, 


10.6403 2 


10.639709 
10 63925 
10.638714 


10.63818 


10.632264 


10.6371 


10.663658. 


10.636035 


10.635 52 


10.63498 
10,03445 


10.633933 


10.663340 


10. 63287 
10.632 
10.631 
Secant. 


11 


[ 45r ] 


Fangents, and Secants, | 


"= — 


9:368rg 
- 5. 
9 36924 
9.35976 
9:3702 


9.37 133, 
1937185 
9.37237 


9.37341 
937393 
9.37445. 
19 37497 
237542 
9.37600 
9.37652 
9.37704 
9.37755 
22285 
9.37858 
5179-37909 
9.379509 
9.3301 1 


93806200 
779.387 13] 
9.38164| 
9.38216 
9.38266 
928452 
19:3836 


„ * 1 


937051 


9:98783 
9-987 80 
9-987 77 
9.987 74 


9:37289 


[9.987 53 
9-987 50 
(9-937 4.7 
9.98743 
928545 2874012 


9. 995727 
Fa 93734 
9. 98731 
9.987 28 
9.99725 
9.98722 
9 98719 
«98716 
0 28712 
28202 
[9.98700 
9.98703 
9.98697 
9 98694 
9.98690 


IT Sine. 


K — 


8 


938035 
9.38091 
9138147 
9.38202 


938479 
9:38534 
9.38589] 
9.38644 
9.38699 
9238254 
2 38808; 
9. 5 35863 
9.38918 
9. 3897 
9.39029 
239082 
9.39130 
939190 
39245 
9 39299: 
0 353] 
7 59407 
9-39401 
9˙39515 
9.39569 
9-•39623 


939677 


n 


| 


SY TIRES: 
10061955 
106190 

10: 60857 
10461798 


10461743 
"10161 887 


[10.61632| 


10.6577 
10.615621 


10.651466 


10.6141 
10 61356 
1061301 
10.612456 
10.611 


To.61T37 


Lo.61082 
10. 61028 


lo 60973. 
19.bog1g 


T9. 10.60864 | 


10. 60810 
19.60755; 
10 60701 


10. 60645] 


'10.60593, 


10.60539. 


10. 60485 


10. 60431 
10.660377 


2 


— —. 


2 


— 
10.012217 
10. 01220 
10.011223 

10.01226 
1.01229 
— — — 
1.01232 
10.0123 5 
10.001238 

10. 01241 


10. 12.812444 


10.001247 
10 Ob250 
10.0254 
10 01257 
10 Ot; 01260 
10.0723 
1.01266 
10.01 269 
10 01272 


I 10,01275, 


10,01278 
10.Ch281 | 
10. 01285 
10.001288 
10.012917 


10. or agg 
10. 01297 
10.01 300 
10.0303, 
10,01306 


10.01 — 


10.863182 70 


10.627631 


10.625554 
10. 62503 
1.62451 


10.631291 
10.630576 
10.630241 


10.62972 26 


10.629 19 
10.6867 
10.628115 


19.652711 


10 10 62659 
1 0.62607 


10.602400 


10.662142 


| 


1061683 


— (— 


dt. At. 


Gg 4a 


* 6 Degree. 150 


10.62348 
10.6229 


0.62245 
10 62194 


10, 62091 
10. 62040 
10. 91989] 
2.61938 

1061887 
10.618365 
10.6178; 
10.61734 


10.616331 
Secant. 


- 


[452 


A Table of Artificial Sines, _ 
14 Degrees, 0 _— - a 1 | 


4 


22. - = - 


"Secant. |! © 
22 | 
To 01770! 10.61633 
1001313 10.61582 


1 

1 — | 
3 39677 | 10.60323| 
9-39731110.60269 


ws 2 — wg... 4. 


* F ˙ En, —— 


Seelen oH un | 


21 


9.39170 


9.39121 


9.39220 
9 39270 


9-39319 


9-39309 
9.39418) 


2 


9 39785] 
939838 
232892 
9. 939940 


9.39999 


2052 
9.40106 
2 40159 
9: 40212 
9- 40266 
9-40319 
240372 


6 9.40425 


9.40478 
9.40531 
9.40584 
9.40636 
9 40689 


940742 


10.602115 


10 60162 


10 6008 
10.6005 5 


10.60001 


10.59948 
10. 59894 


10. 59841 


16.9780 
1059734 


to. 59681 


0.59629 
10.5952 5 


10.595 22 
10.594069 


to. 59416 
1.59364 
10 59311 


to. 59258 


| 


1001316 
10-01319 
10.01322 


10. 01325 


10. 01329 
10.01332 


[10.01335 


10.01338 
$0.01 341 


10 01345 


10.1348 
10,01351 
10.0134 
10.011357 
10.013601 
10.01364 
10.013657 


1001370 


10.01373 
10,01377 


10.61 531 
10.6148 


10.61 430 
10.01 380| 


10,61330 
10.61279 
10. 61229 


10.611179 


10.611129 
1061079 
10. 61029 
10. 60979 


10. 60879 
1060830 
10.607 80 
10. 60731 
10.6068 


10 60632 
10 60582 


9-40795 
9.40847 
9. 40900 
—— 
9.41005 
9-41057 
941109 
9.41162 
9.41214 
9-41 266 


10.9206 


1 
10 59100 


[10.59048 
ro.58996 
0.58943 


10 01380 
10.011383 
10 01386. 
10. 01390 
10.071393 
10.5889 110. 01396 
10.588391 10.0399 
10. 58786 0.01 403 
9 39860 10.58734[10.01405] 10 60140 

| Sine, | Tang. | ' I 'Secant. |: 


— 
——ß— COS LS 75. Dere...... p „„ „ 


10 60533 
10. 60483 

(0.60434 
10.6038 
10. 60336 
r0.60287 
10.602438 
10.60189 


9.39467 
9.39517 
9.39566 
9.39615 
9.39664 
9.39713 
9.39762 
9.39871 


22 
23 
24 
25 
26 
27 
128 

29 
30 


2 * * — 44 


( 


453 ] 


— ES. 


_-» Tangents,: and Secants. 


Ries. ko doc OD IEEE IS. AMR SEES 


* 


14 


Degrees. | 


—__ c ——_————— 


9.41 2051 
941252 
941300 


9-95594 
9.95591 


| Tang. 


9.41290 
941318 
941370 


— — — — 


92 941733 


9.41784 
9.41836 


9.41887 


941939 
941997 
9 42042 
9.42093 
9.42144 
9.42195 


9.42246 


9.42297 
9 42348 
9.42399 
942450 


9.9 9.42501 


9442552 
9.42603 
9.42653 
9.42704 
942755 


9.42805 


10-58734 


10.5 8682 
10. 58630 
9.41422 
9.447410. 58526 


10. 58578 


10.5826 
10.5864 
10.58113 
10.5806. 


10. 5 800 


1057959 
10. 57907 
10.5786 
10. 57805 
10-57754 
10.57703 
1057652 
10457601 
1057550 


10.574488 
1957397 


10. 57347 
10. 57296 


10457245 
10.57195 


Tang. 


10. 57499 


10 01406 


| 


10.01409 
10,01412 


10.60140 


10. 5009 
10. 60043 


lo 01416 10 59994 
1001419 10.589945 


10.01426 


10,01429 | 


' 


c-4 
10,01442 
10.01445 
10.01 449 | 


10.01452 


10.01455 
10.01459 
10.01462 
10.0146; 
10.01 469 
10.01472 
10.014755 


1001479 
l 0.01482 


10. 01485 
10. 01489 
10.014922 
10.01496 
10. 01499 
10.01 502 
19.01 06 


1001422 10 59897 


10. 59848 
10. 59800 


10.59558 
10,59510 
10.59462 
10.59414 
10.59366 
10.59318 
10.59 270 


10. 59222 


10.59175 
10.591 27 
10.5979 
10. 59032 
10. 58984 
10.58937 
10.58889 
10. 58842 
10.5879 5 
10.5 8748 


10. 58700 


|" Secant. 


| 75 Agrees 


10 59655 
10 59600 


Min. [o .. « w + vilow wo 


G 


S 3 


[44] 


* 


Tie of Artificial Se 


DEE L 


0 


10 


— 


— 


9.41300 
941347 
941394 
1-41 441 
9.41488 
9.41535! 
9.41582 
9.41628 


9.41722 
9.41768. 


9+4131519+ 
9.4186219- 


9.41908 


9.42093 
9 42140 
9.42186 
9.42232 
9.42278 


9.42324. 


9.42370 
9.4241 6 
9.424602 
9:42597 
9.42553 
9-4*599 
942 


9.416759 


240954] 
9.420019. 
9.420479 


998395 
2 98391 


[9-43 308 


9-98426[9.43806 


a5 


Degrees. 


Tang. 

9 42805; 
9 42856 
942906 
9.42957 
9.43007 
9-43957 
9.43108 
943158 
9-43208 
9.43258 


9.43358 
9 43403 
9.43458 
9.43508 


9-43558 
9.43697 
9.43657 
9.43707 
943756 


943855 
9.43905 
9.43954 
9.44004 
9.44053 
9 44102 
9.44151 
9.44201 
9.44250 


10.57195 


10. 56046 


10.5 5947 


10.535799 


Sine. 


—— 4 


| , 


Tang. 


i 


10.5744 
10.57094 
1057043 
10 56993 
0.56943 
10.56393 
10.56342 
10.50792 
10.50742 
10.56692 
10.5664.2 
10. 56592 
10. 56542 
10.5 0492 
19.56442 
10. 56393 
10.56343 
10.560293 
10 56244 
10.56194 
10.56145 
10. 56095 


10.5 5996 


10.5 5898 
10. 55849 


10.5575 
10455701 


Secant. 


—— — — 
o 


10.01506 


10.01509 | 
10 01512 
1001516 
10.015 19 
10. 01 523 
10.01 526 


1001529 


10.01 533 
10.01 530 


10.01 540 
10.01 543 


1.01547 
10.015 50 


10.0153 


10,01557 
10.01560 


10.01 564 
10.01567 


1001821 


10.01574 
10,01578 
10.01 581 
10.01 58; 
1001588 
10,01 592 


10,01595 


10.01 599 
ro. o 1603 


10. 01605 


1001609 
- 


10.5870 


_ 


10.58653 
10. 5 8606 
10-58559 
10.58512 
10 58465 
10.588419 
10.568372 
10.583 25 
10.658278 
10.658232 
1058185 
10.658139 
10. 58092 
10.5804 
1.57999 
1.57953 


10.5797 
10.578661 


1.82814 
10.57 768 
10 57722 
10.576576 
10.857630 
10-57 534 
1057539 
1957493 
19.574 
19.5740 
10.7356 


— 


- 


_— 


Degrees. 


| 


4 


| | 7 248 E 


Be. - 


Fangents, and — 


Degrees. 


— * —— 


4919-43546 


— 


Sine. 


942735 
942781 


1942826 
942872 


9442917 
9.42962 
94300 
9.43053 
243298 
9:43143 
9 43185 
943233 
9.43278 
943323 
9.43308 
9.43412 
943457 
9-43502 


9 43591 
9-43035 
9.43080 
9.43724 
9:437 
9.43813 
943857 


942590 


22 


998391 
9.983 88 
9 93384 
9.98381 
228322 
9.98374 
9.98370 


$19.98366 


998363 
9 98359] 
9.98356 
998352 
9 98349 
9.98345 
998342 
9-98338 
9-98335 
9.98331 
9.98327 
9.98324 
9.98320 
9.98317 
9.98313 
9.99309 


691228305 


9: 998302 
998299 
998295 


98291 
98288 


9.44299 
944348 
9.44397 
9.44446 
2. 
9.44544 
9.44592 
9:44041 
9-44690 
944735 
9044787 
9.44836 
—44884 
944933 
228 
9.45029 
9.45078 
9-451 26 
9-45174 
9.45223 
9.45271 
9.45319 
9.45367 
2425465 

9.45403 
9645511 
9.45559 


9.45606 


945654 
94570 


| 98284 


Sine. 


— — — 


Tang. | 


10. 557 


1.55554 


| 


_ 


10.5 5662 
058685 


19.8 
0.55457 
10. 55408 
10.555359 
10.5 5310 


10. 1.8892 


10.855213 
10.5564 


10.5516 
10.5 506) 
10.8019 


1.84228 


10 54441 


10.542 50 
Pi” 


10:54971 
1.54922 
0.54874 
10.4826 


1.54729 
10.54681 
10.546533 
10.545855 
19.818 
10. 54489 


10. 54394 
10. 54346 
10.5498 


e 


10 01623 


10. 01627 
10. 01630 
1.01634 
10 01637 


[10.01641 


0.01644 
0.01648 
10.0165t 
10.01655 
110.0i658 
10.01 662 
10.01666 
10.0t669 
10.01672 
10. 01676 
10.01 680 
10.0683 
10 01687 
10.0691 


0.01510 


10.01698 
to. o1701¹ 
10.001705 
1001709 
10.61712 | 


— 


1.01216 


Secant. | | 4 GH | 


— — — 


10.573110 


10.57219 
10 5 


10.28 
10. 10.57083 


10. 57038 
10. £993) 


10.5694 
10. 10.5690: 
10 10 56857 
10.56812 
to: 56767 
1056722 
10.566572 
10. 506633 
10. 56588 
10.565843 
10. 50498 
10.56454 
76.504099 
10. 56365 
10.5630 
10. 56276 
0 : 
10.506187 
10.56143 
10:56099 


10. 56010 


— 55966 


+ Secant. 


2 


* 


Gg 4 


1001612 10:5 7265 
10401616) 
1001620 


10. 56054 


* 


da 
Wo 


2 


JI 


Aa. 


E 


i 


Ty Er SER CAS. n 2 


Table, of | Artificial Sines, 


— err nn 


16 Degrees. 


„ Da 


9.98284 
9 98281 
9 98277 
998273 
9.98270 


| 10.54250 
10. 54203 
10.5455 
10.584108 

1.8480 


| Secant. 


— — — 
10.011716 
10.0720 
10.01723 
10.001727 
10 01730 


9.982009. 
9.98262 
9 98259 
9-98255 
998251 
9.982489. 
9.98244 
9.98240 
9.98237 
228233 
998229 
9.98226 
9.98222 
9.98218 


54425 
6.9.4429 
| 7194454 
8944385 
919.44428 
1019:44472 
11944516 
121944559! 


9:98192 
9.981 89 
9:98185 
9,98181 
998177 
9.98174 

Sine. | 


10.5401 3 
10. 53965 
10.5391 8 
10. 53870 
10.653823 


10-53770 
10.537229 
10. 53681 
10.853634 
3110.53587 
10:53549 
1.53493 
10.534465 
1053399 
1-831 
10. 53306 
10.53259 
10 53212 
10.53165 
10.53119 
0.530% 
10.5 3025 
1.52979 
10.52932 
10.52386 
10.52840 
Tang. 


10,01738 


10.01741 
1001745 
10 01749 
10.01752 
10.91756 
10 01760 
10.04 763 
10.01767 
10.01771 
10-01774 
10.01778 
10.01782 
10.01785 


10.017 59 


I0.01793 


10.01 797 
10.01800 


10. 01804 


10,01 808 
1001811 
10.018115 
10. 01819 
10.01823 
1001826 


—— A—ęm— — 


1855955 


10.857220 


1055572 


10.655138 


10 54923 


2 


« 4 


10.555922 
1055878 


10. 55834 


1058747 
10.5703 


10.556559 
10.5561 5 


10.855528 


10.5 5485 
18.554411 
10.5 5398 


10.55354 
10.553 11 
10 55267 


10.855224 
10.5518 1 


10. 55095 
10.5 5052 
10.55009 
10.54966 


1054880 
10.54937 
10.54794| 
10-54751 


10. 54709 
10. 54666 


23 Degrees. 


_—_—_ 3 


Secant. 


n 


— 


ode 
. 
* 


— 
4 TI” 


OA +, ef — 


[ 457 J 


a 


Tangents, and Secants. 


— 


n 


16 Degrees.” 


* 


9.45462 
945594 
9.45547 
9.45589 
9.45032 
9.45674 
9.45716 


9-45753j9 
9.45801 
9.45843 
9.45885 
948927 
9.45909 


619-46011 


9.46053 
4 46095 
9:46136 


50948778 


9.46220 
9.46266 
9.46303 
946345 
9.46386 
9.46428 
9.46469 
9-46511 
9:46555 


Sine, | | 


9.45334 
945377 
9.45419 


9-46594 


9285 74 
9.99170 
9.98166 
9.98162 
9.98159 
9.98155 
9.98151 
9.98147 
9.98144 
2 98140 

98136 
9.98132 
9.98129 
9.98125 
9.98121 
9.98117 
9.98113 
9.98110 
9.98106 
9.98102 


9.98098 
9:98094 
9.98090 

9.98087 


75 


— 


10.5 2840 


9 47161 
9.47207 
9.47253 
9.47300 
9:47349 


9.47392 
9.47438 
9 47454 
9.47530 
9.47576 


10:52793 
a? he! s 
10.8 2701 
10.592654 
10.5 2608 
10.5 2562 
10.525 16 
10 52470 


10. 52424 


Secant. 


10. 01826 
10. 01830 
1001834 
10.01838 
10.01841 


10,01845. 
10.01849 
I10.01853 
10.01 856, 
10.01860 


9.476022 
9.47068 
9-47714 
9-47700 


9.47806 


9.47852 
9.47898 
9.47943 
9.47989 
248035 
9.48080 
9.48126 
9.48171 
9.48217 


4 9.98093! 
9.98079. 


19-98071 


— 
Sine. 


9.48262 


9.48308 
9-48353 
9.48398 

48444 


98067 9. 
9. ory 9. 48489]? 
— 855 48534 


10. 52378 
10.52332 
ro.52286 
10.52240 
10.52194. 
r0.52148 
to. 52103 


to. 52057 
to. zor! 


10. 51966 


to. 51920 


10.51874 


10. 51829 
0.51783 
10. 51738 
10.5 1693 
10. 5 1647 
10.5 1602 
10.81887 

1511 
10. 9 


F Tang. 


10.01864. 
10.01868 
10.01872. 
10.0187; 
10.01879 


19.01883 
19.01 887. 
19.01891 
10.01894. 
110.01898 


| 10.01902 
10. 01906 
10. 01910 
10.01913 
10.01917 


10.01921 
10.01925 
10.01929 


10.01933 
10.01937 


my 


[0.54666 


10, 54023 
10.54581 
10,54538 
[1054496 


10.54411 
10.54368 
10.54326 
10.54284 
10.54242 
10.54199 


10.54157 
10.5415 


10. 54073 


10. 54031 
10.53989 
10:53947 
10. 53905 


10. 53864 


10. 53822 
10. 53780 
2043732 
10.53697 


10.536535 
10. 53614 


1.53572 
10.5353 
10. 53489 
10.5 3448 


10.53497 


Secant. 


— 


a 


=. — = 


* rr 


— 


10.5445 
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* 
; 
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: 


E — — lowu 0 


Min. 
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- 


— 


B „ MWA ur th. 


| (1 458 ] 


{ "A Table of Artifigal Sines, 
3 q 17 Degtees. 


| — — — — 1 — 4 

9.465949 98060 9.48534 10.146610. 01940 10.534070 
9.46635 9.98056 9.48579} 1051421; 10.01944|10.53365 
9.466761] 9.980;219.48624}10:51376110.01948| 10.53324 
945717 9.98048 9.48669 10.1331 10. 01952 10.53283| 
9.46759]9.9804419-48714}10.51286110.01956] 10.53242 
9.46800]9.9804019.48759]10.51241110.01960] 10.5 3 200 
9.4684119.9803619-48804 | 10. 51196 10.019564 10.531569 
9.46882 9.98033 9.48849 10.351151 10. 01968 10.531189 
9.469230 9.98029 9.48894 10. 5110610. 01971 [0.53077 
9.45964 9.80 25.489390. 51061 10.019510. 53035 
9.47004 9.98021 9.48984 10.5 1016 10. 01979 10.752995 
9.4704619.98017 9. 4902910. 5097110. 01983 10.5295 5 
9. sg. 980139. 00710. Foz 10.01987 10.5 2914 
9.471279. 98009 9.49118 10. 5088z 10.019910. 52873 
x449-4716819.9800; [9.49163] 10. 5083710. 01995 [152823 
9.4720919.98001 [9.49207] 10. 5079310. 0199910. 52791 
9.4724919-97997 9.40252 10.507481 fo. 2003 10. 52751 
9.7290 9.97993 9.9% 19.50704| 10-02007 [10.52710 
9.473309. 97990 9.403110. 506590. o20ẽtꝶd o. 526 
9-47371 9-97986 [9.49385 2 10.5 2629 
9. 7209.979829. 49430 10-50570| 1002018] . 52589 
9-4745219-97978|9-49474/ 10.505260. o 10. 52548 
9.474929 979749. 495 19 10. 5048910. 020260. 5 2505 
19-47533|9-97970| 9.49563 | 10. 5047 10.010. 52467 
eee 10:59393| eee 10:52427 
9.7613 9.97962 9.49652 1050349} 10.020389 10. 52387 
26 9.476549. 97958 9.49696 10. 50% 10:02042} 10.5 2346| 34 
9-47694[9-97954 | 9449740} 10:50260| 10.02046} 10. 35230633 
9-4773409-97950 | 9:49784| 1050216} 10:02050} 10.52266] 32 
9.477749. 979469 49328|10:50172|10.02054|10.52226] 31 


: 


DATE e [949272 10:50128 10:02058 10-521 861 30 


LEK, 


8 1 MS 


. — ——_ 
= Sfo wy own 


— 
a 


r Ä rVF ax. ec =_ 


Sine. "Tang. [TSecant, | <: 
$; 9 CE — — 4 


— 72 . 


AID. 16888 My CCC 


3419:47974] 


948133 
3909.481723 


9.47894 
947934 


9.48014 
948054 
9•48094 


19.9794 
9.97938 


8371 9.97886 


9.97800 


- 


9.97934 
9.97930 
9.97926 
9.97922 
9.97918 
9.97914 
9.97910 
9.97906 
9.97902 
9.97898 
9.97894 
9.97890 


9.97882 
9.97878 
9.97874 
9.97870 


9.97862 
9.97857 
9.97853 
9.97849 
9-97345 
9.97841 
9.97837 
9.97833 
9.97829 
9.97825 


222 


949872 
9.49916 
9.49960, 
9.50004, 
9.50048 
9.50092 
9.501 36 
9.50180 
9.50224 
40097 
9.50311 
9.59355 
9.50398 
9.50442 
9.50485 
9450529 
9.50572 
9.50616 
9.50659 
2:52703 
9.50746 
9.50789 
9.50833 
9.50876 


959919 


9.50962 
9.51005 
9.51049 
9.51092 
9.51135 


10. 50128 


— —_—_—— 


10.020538 


10.50084] 10.02062 


10.49996| 
1049952 
10. 49908 
10. 49864 
10. 49820 
1.49777 
10.49733 
10.49689 
10.49045 
10.49602 
10 495 58 
1.42185 
10.4947 
10.49428 
10.49384 
10. 49341 
Lees « 
19.49254 
10.49211 
10.49167 
10.491 24 
10.49081 


10.49038 
10.48995 
10.48952 
10. 48908 
10.4836; 
r0.48322 


10. 50040 


10.020666 


1.82074 


10. oa082 
10. 02086 
10.02090 
10.02094 


10.02098 
10.02102 
10.02106 
[10.,02110 
10.02114 


10.021188 
10.02122 
10,021 26 
10.02130 
10.02135 


10. 02139 
10.02143 
10.02147 
10.02151 
10.02155 
10.02159 
10.02163 
10.02167 
10.02171 
10.02175 


10.02179 


Sine. 


— 


| Tang. 


— — 


10.02070410.5 2066 


10. 207810. 5 1986 


— — 
10.521864 
10.852146 


10. 5 2t06 
10.52026| 


10.5196 
10.5 1906 
10.511867 
10.5 1827 
10.511787 
10.5748 
10.5 1708 
10.5 1668 
10.581629 
10.581589 
10.5 1550 
10.651511 
10.514771 
10.511432 
10. 51393 
10.511353 
10.51314 
to. 5 14275 
10. 51236 
10.5 1197 
to. 51158 
10.651119 
to. 5 1080 
to. 1o4 
10.5 1002 


Tecant: 


2 


ho — ww + who 0 


Min. 


—— 


— 
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A Table of Artificial Sines, 
Drs. 


| * — —— — = Re — — — — —— — _ — — 8 


1; Sine. || | Tang. I Srcant. | = 
0 5 Ib 97821 77775 10. 488221002179 10.351002 60 
 119:4993719-9781719-51221 |10,48779|10.02184|10.50963}59 

19449076; 9-9781419-51264] 10-48737| 10. 52188 10. 5092458 
319 49115; 9-9780819-51306 10:48640]10,02192|10.50885] 57 
9491531 997894 9.1342 1948651110. — 50047 56 


* 


9.491929. 9.57550 9. 5139210. 48608 10.0220 | 
9492351997796 (951435 |10-48565] 10.02204[10.50769] 54] 
1949279997792 9.51478 10, 4852210. 0220810. 50731053 
9.49308 9. 22282 17855 10.484801 10. 0221210. 5069252 
2 9.49242 992284 9: 515631 10:48437110.02217130.50653051] 


54377757775 [9-51606, 10,48394|10.0222c[10.50615|50 
9-4942419:97775 (9-51 657 10.48352f10.02225110.59576149 
9.49462 9.97771 9.576911. 48369 10, 222910. 50538048 
9.4950119-97767 98 10.482671 10. 0223310. 50 ỹ 9 
242239 9.22753 9-51776 10:48224110.02237 1059461 46 
9:4957719+9775919:51819| 19:48151110.,02241[10.90423145 
9:4991519-97754{9+51861 | 10.481 391 10.02246[10.50385144 
9:4965419:97759{9+51903|19:48097|10.02250[10-50346143 
9,4069219 97746 09.5 194610. 48054] 10,02254|10-59308} 42 
9-4973919:97742[9:51988110:48012[10,02258[10.50270| 41 
01 9:4976819-97733|9-52031119:47970|10.02262|10.502321 40: 
9:4980619:97734|9+520731 19:47927110,02267|10-50194139] 
9-49384419-97729{9452115110:47885}10,02271|10.50156138 
9.493882419-977254 9-521 $7119-47843 10:02275|10.50118437 
2419-4992019-9772119-52200| 10. 47801110.02279]1 10.50080 36 
9-4995819-97717{9+452242110:47758] 10. 02283 10. 50042135 
9:4999649:9771319:52284110:47716}10, 0228840. 5000434 
9.800349. 97708 9:5 23261 10. 47674 10/ 229210. 4996633 
$ [9-5907249-97704|9:52368|10-47032110.02296] 10.49928} 32 
31] 
30 
= 
12 


19-9770019:524101 10.47590110,02300| 10. 49890, 
9-501 2 8 


9.52452 1,4254810 2304/1. 4 9872 
as 4 | nai — 


[ 46t “ 


- — 


Tangents, and Secan 


—— 
* 


N 


— 


— 


g 


45 9.507 
46 9.50747 
9.50784 
9.50821 


2288 
9.51080 
9.81177 
9-yt154 
9.51191 
9.51228 


6019-51264 


).5029819.97579 


19-97597 


: 
1 


9.57695 
9.97691 
9.97687 
9.97683 


997675 
9.97670 
9.97666 
9.97662 
9 97057 
9.97053 
9.97649 
9.97645 
9.97640 
9.97636 
9.97032 
9.97628 
9.97023 
9.97619 
9 97615 
9.97610 
9.97606 
9.97602 


9.97593 
9.97589 
9.97584 
9.97580 
9.97576 
9.97571 


9.972867 


” 


550 | Tang. 


9.52452 
9.52494 
9.52536 
9.52578 
9.52620 
9.5 2662 
9.52703 
9.52745 
9.52787 
22 
9.52870 
9.52912 
9.52954 
9.52096 
22832 
9.53078 
9.53120 
9.53161 
9.53203 
9:53244 
9.53285 
9.53327 
9.53308 
9.53409 
923480 


9.53492 


9.53533 
9.53774 
9.53615 
9.53656 


Sine. 


—_— 


9. 53698 


DO: 


92 
9 ,* >4# 


1123 — 


10.47548 
10.47506 


10.47464 
ro.47380 


| 
| [0.02304 


10 47422 


— =» = 


f 10. 02309 
10.0231 7 


| 10.0232ʃ1 


1.47339 
10. 47297 
10. 47255 
1047213 
10.4772 
10. 47130 
10. 47088 


10. 4704 
10 47005 


10. 46922 

10. 468 80 
10. 46839 
10.46798 
10. 46756 


10:49993] 


' Secant. | | 


10.02317] 


"7 
: a - _— 


2 
1049852 
1049815 
1049777] 
1.49739 
19.497992 


10. 02326 
10. 02330 
10.02334 
10.02338 
19-02743 
10.02347 
to. 02351 
0.02355 
10. 02360 
10.02304 
10.02368 
10.02373 
10.02377 
10.02381 
10.02385 


10.4671 5 
10146673 
(10146672 
10:46591 
{10-46550 
{0.46508 
:4650 
119.8462 
10.4642 
10.463835 
10.4634 
1040303 
Tang. 


10. 02390 


0.02394 
10.02398 


10.02403 
10. 240) 
10.0241 
10.024156 
10. 02420 
1002424 


10. 02429 


10.49664 
10:49627 
10.49589 
10.495 52 
10.49514 
10.49477 

19-49439 
1049402! 
10.49365] 
10:49327] 
10:49290 
10.49253] 
10:49216} 
10.49179] 
19.49142 


10.497104 
10. 49067 
10. 49030 


to. 
10.489527 
10. 48920 
10. 48883 


— 


10. 48809 
0.4877 
10.4823 


100243 3 


Secant. 
- <4 - 


———— 


— 


1 D 


| 


—_ M4 


10.488465 


— 


—— 
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| Av — — 75. | A rs 
1— —— | — — —1 — 
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195730997563 9.53738 rc. 4626 10. 0243710. 4869959 
251338997858 9.5327 f. 462210. 0244 0. 48663058 
: 319-51374q 97554453820, 10. 66180 10.02446 0. 4862657 
22 51 05 Ne 9.72851 10.461390. 4.858956 
5 9.514471 9:97 545 953552 1846598 10 02455 10.4572 55 

[| 619-5148449:9754+ (953943 | 10-4605 7] 10.0245910.48516, 
749535209 9497537 (953984 | 1046016] 10.02464.| 10. 4848053 
89.515579. 97532 $54925 | 0.45976 1002468 10. 4844352 
* 229.2728 9.445719. 1002472 [10:48407] 5x 
9981829 9197523 577651545894 10 477 10. 4837105 
129˙416669/%97519 9/447 | 19:45853| 10402481 [10-483 341 49 
2|9-5470249497515|9+54188}.10:45813| 10,02486|10.48298] 48 
3|9-5$173849:975 10 9:54229110:45772| 1902490 110.48262] 47 
419-5477549:97506|9:54269|10:45731 10.02494|10-48226| 46 
| : 9.181977 9,5479 10:45691 10.2499 19.484189 45 
2877,85 10.02503 [19.4815 3] 44, 
719:$3$8349:97493(9:54397 | 10:45610] 1002508 10.4847] 43. 
; 9-5194949-97488|9-5443r| 19:45 569] 10:02512410-48081] 42 
19}9:5295519:97484|9:54472|10:45 5281 10-02516119.48045] 41 
70 937997 9:97479 $97479| 9-543r2| 10:45488 10.026521 10. 48009 400 
3b] Nees 10:4 5448} 10102525 [10.4797 3] 39 
2209 9-974701 95545991 10:4 5497 | 10:025301[10-479371 38] 
231952999 19-97466| 9.54633 10:45 367 |10102534[19-4799 14 37 
26|9-52235 [997461] 9454673 þ10:45327|10:02939[10-47865| 36, 
7 927157 75 6271 10478295 
[40 |9-52297 [9497453] 9:54754þ10:45 246} 101025481[10.47793] 34| 
37 [932248 _ 9:54794119:45206110,0255h110.47758) 33, 
25 [9-52275 19974441 9:543935þ10:45 1661 10,02556110,47722| 32| 
29 [952314 (9-974391 9554875 þ10:45125[10:02562|10:47686| 31| 


—  - — 


9-5235019-974381 9:549t 5110145085 |10:02565[10.4765 1/30 
=} Sine. Tang. I Secant. | || 


* = — a 4 | 
| Degrees. 2 
12 | ai; 0 


$19.52034 


4419-52846: 


219:32242 


519.3092 


419-5396 
9.53266 
9.53336 


9.52385 


9.52450 
9-5 2498 
9-52528 
9.525631 
9452598 


9.52669 
9.52705 
9.52740 


952775 
9.52841 


9.52881 
9.52976 
9.52951 
9.52986 
9.53097 


9.33132) 
9.326 


9553231 
9.53301 
9-53370 


9-52359| 
952421 } 


9.97421 
9.97417 
97412 
9.97403 
9.97403 
9-97399 
9.97 394 
9-97390 
9497385 
9.97381 
9.97376 
9.97372 
9.97367 
9.97363 
9.97358 
9.97354 
9.97349 


9.97344 
9.97340 
9.97335 
9.97331 
997322 
997317 
9.97312 
9197308; 
9.97303 


9:53495 


Sine. 


955115 


9-55155 


955195 
9455235 
935275 


9455315 | 


9455355 
9555 395 
955434 


2824. 
955514 


10,444 


9.58854 
9.55593 
9.55633 
9:55073 
9455712 
9455752 
9.55791 
9583 


22.41 


103443067 
10, 44327 
N 10,44288 
10,44248 
1044209 
10,4469 


10. 44090 


9.55910, 
9.55949 


9.28887 
— 


20; 4405 1 


9.55989. 1044912, 


0.43933 


0.43893 
a 5 


2222 


5 10. 02587 


10.025383 


10.0259 
obne 
10. 02606 
10. 02610 
; 10,026r5 
10,02619 | 
10,02624 
10.02628 


10,02637 
10. 02642 
| 10,02047 


| 10,0265p 
10.026606 


10,669 
10.0669 


— — 


10. 47651 
10. 47015 


1.47579 


10.475844 
10.428 


0.47473 
10:47437 


10.4740 
10.473 


2047331 


19:47295 


10.47200. 


10,47225 


a. %%%, 
10.4711 
10,633 . 47u19 

[30:47084 

40. 47049 
4.47014 
2.4292 
10. 46944. 
10. 02660 U | 
10.468740 
10.468397 
10,0674 | 
10,02679 | 
10,026083. | 
10,02688 | 
| x0, 02698 | | 
10,02697410.46630f/ * 
10.0270 | 
— — — 


0.46909 
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A Table of Artificial 'Sines, 


ww oml.wr.o UN] 


9.53495} 
9:5344919. 
9.53475 
9.53509 
9-53544 
9.53578! 
9.53613 
9.536479. 
9.536829. 
9.53716 
9.53751 
1119-53785 
9.53819 
9.538549. 
9.538889. 

15 9.53922 1 
9.539579. 
9.53991 
9.540259. 
9-5495919. 

9.540939. 
9.541279. 
9.84619. 
9.54195 
28122-2287 
9.542639. 
9.542979. 


9.97248 


9567674805 
10.43854 
10.438178 
10. 43776 
0204 10.43736 
10.43097 
110.43658 
110.43619 
9.56420110:43580 
9:56459119-43541 
9.36498110:43502[10.02748 
10:43463 
9:56576110:43424 [10.02757 
1190-43335 
— 


— —ü—4ĩ— — 


10. 02701 


10.027111 
10.02715 
10.02720 
10,02725 
10.02729 
10.02734 
10.02738\ 


10.02743 


10.02752 


10.0276z 


'10:43307 
10143268[10.02776 
10:43229110.02780 
10.437190 
9.56849110:43151 
r0.43113 
9.56926 10.4.3074|10.02799 
| 10:43035 


10.42958 


10.02771 


[10.02/785 
10. 02790 
1002794 


10 02813 


957235 
228224 


* 


10. 42919 10.028718 
10.42881 
10. 42842 
10.42803 
10. 42765 
10. 42726 
Tang. 


10.02822 
10,.02827 
10.02832 
10.02837 
10.02841 


r 


18 


10.468595 
10.027506 10. 465 
10.465 26 
10. 46491 
28556 
10.4645 
1046387 
10. 46353 


10.463118 


10.46284 


1.45975 


10:45941 


10-45907 


10:45873 


10.02804}10:45839! 
10. 4299610. 02808 


10.45 805 


18.422 
1.45737 
10.45703 
10.456669 


10.4563 5 


1045601 


10.45 $68 
Secant. | 


| 


[ 465 ] 


82 


—Tangents, and Secants, 


AM. a. e 


20 


Degrees. 


— ꝗ—⏓—ͤ — 


954433 
9.54466 
9+54590 
9.54534 
9.54567 
9.54601 
9.54635 
9.54608 
9.54702 
9.84735 


9.54769 
9 540 
9.54836 
9.54809 
9-54903 
9.54036 
9.54969 
9455003! 
9.55036 
9.55009 
9-55102 


9.55136 


9.55169 
9.55202 
9.55235 


9.55208 


9.55301 
9.55334 
9.55367 
9-55400 
9.55433 


9.57159 
997154 
9 97149 
9-97145 
9.97140 
9.97135 
9 97139 
997126 
9.97121 
9.971 16 
997111 
9.97107 
9.97102 
9.97097 
9.97 092 
9497097 


9970839. 


9.97078 
9-97073 
9.97068 
9.97064 
9497959 
997054 
9.97049 


; 


Tang. 


9.5774 
9.57312 
9:57351 
9.57389 
957428 
9.5740 
9-57 504 
9.57543 
9.57581 


9:972441 9-32191 


997039 
9.97035 
99700 
9497025 
9:97020 


9.970151 9: 


Sine. 


— —Grü—ä— 


10.427256 
| 10.42688 


1042649 
10.42011 


| 10.4:2572 


1042534 
10.42496 


10.42457 


19.42419 
10.42381 


[10.42342 


10,42304- 
190.42266 
19.42228 
10.42190 
10.42151 
10.42113 
r0.42075 
1090-42037 


19.41999 


Secant. 


— :[— — 
10.0284 


10.028466 
10.028551 
10.0285 5 
10 02860 


10.02865 


10,02870 
10.02874 
10.02879 
10.02884 


10.02889 
10.02893 
10,02898 
10.02903 
10.02908 


10.0291 3 


10.02917 
10,02922 
10.02927 


10.02932 


Ld 
10.45508 
1045534 
10.45500 
10.454.06 
10.45433 


10.45399 
19.45305 
10.453532 
10.435298 
10.4265 
10.45231 
10.45 198 
10.45 164 
10.45131 
10. 45097 
10. 45064 
10.4503 
10. 44997 
10.449064 
10.4493 


10.4961 


1041923 
10 41885 


0.41847 


1041809 


10.02937 
10,02941 


10.02946 
10. 02951 
1002956 


10.44898 
10. 44864 
10.4483 
10.44798 
10.44765 


10.4771 
10.1734 


10. 41696 


1041658 


10. 41620 
10 41582 


— ͤ ͤ — —— 


Tang. 


10.029010 
10. 02966 
10.2970 


10. 02975 
10. 02980 


10.0298 


1044732 
10. 44699 


10. 44666 


1044633 


10. 44600 
10.4457 


Secant. 


- PEI ES - wad * — — 2 — 
3 - — 12 * 
* ""F 


5 = — 


— 2 Nr = 2 =» thy. a 
r ˙ il ᷑ͤͤ&! ⁵ V wr, ͤͤP“ſ ́ ” U ·˙⅛·—i >. 


[ 466] 


or —A Table of Artificial Fines, 


: 


"WIN. y 


5:55433 (9.97015 [9.58418 10.41582|10.02985 
9:5546619.97010[9-58456, 10.41545 |10.02990 
9.584999 97006958493 | 10.41507 [10,02995 
9 5533219-9700119.58531110.41469[10.02999 
9 $550419-9699619-58509;10.41431 |10.03004 
9-55597 |9-9699119-58606|10.41394 | 10.03009 
9.55530 9.969869. 5864410. 41356 10.03014. 
9.55663 9.96981 9.58682 10. 4131910. 03019 
9.556959 9697695871910. 4128110. 03024 
95572809 96971 [9.58757 10.412430. 03029 
109.5761 [9.96967 9.58796 10.41 20010. 03034 
11 98952 9.96962 9.5883 210.4168 10. 03038 
129 558269.96957 9.58869 10. 411311003043 
13 9.55858 9.96952 9.58907 10.4109 10. 03048 
1r4{9:55891 [9:9694719-58944 |10-41050] 10.03053 
1519.559239 96942 9.58981 [10.41019]10 03058 
169 55956996937 9.590610. 4098 | 10.03063 
1719-55988] 9-9693 29.590560. 4094410. 3068 
(1319-56021 [9-9692719-59094/ 19-40907 10.3073 
1192283225922 [9-59131 [19-40869} 10.03078 
09.560869 96917 |[9.59168|10.40832| 10.03083 
[21 ]9-561181|9-96912[9.59205 | 10.40795 | 10.03088 
229.561 50 9.96908 9.59243 |10-40757|10.03093 
12319-56182 — 9.59280110.40720| 10.03098 
12419-56215] 9-9689819-59317|10.40683 | 40.03102 
{25|9-56247|9-96893 |9-59354|10-40646|10.03107 
2619-56280] 9-96888[9.59391|10.40609 |10.03112 
12719-5631119-9688319.59429|10.40572|10.03118 
12319-5634319-96878 |9.59466|10.40534|10.03122 
2919-5637619-96873 19-59503|10.40497 10. 03127 
30 2 56408 9:96868 9.59549] 10.40460[10.03132 

Tavg. 


bs 8 HE » - © 


dose 
10.44534 
10.44501 
10.44468 
10.4443 
10. 44401 1 
1044370 
10 44337 
1044305 
1044272 
1044239 
10. 44207 
10.4474 
10.44142 
1044109 
10.440706 
1044044 
10.440 12 
10.43979 
8.43947 
10.43915 
10.43882 
10.438 50 
1043818 


10.437285 
1043753 
10.43721 
10443689 
10.43657 
10.43025 


10.43592 


| Secant. 


1467] 


— — 
Tangents, and Secants. | 


21 Degrees. 


* 


30 9.5808 9.96868 
„Jette age 
9.56472 
9.56504 
2899. 
3509.505689, 96843 
9.56600 
9.56631 
9+56063 
950095 
9.567 2719-96818 
4119 567590996813 
9.56790 9.90308 
9.50822 
44/2 59354 
9.55884 
9.56917 
9.569499 90783 
9.56980 
2292222222 
937044 
[5119-57075 
5209.57 07 9.90757 
$319 571389. 
9-571791[9:99747 
5519-57201 
15619-57232 
5719-57264 
9:57295 
9-57326|9-90722 
28388 


22722 9.60056 


Tang. 


9.59540! 
9 59577 
9.59014 
9.59051 


9.59725 
9.59702 
9.59799 
959835 
9.59909 
9.59946 


9.59983 
9.60019 


10.40460 
10.40423 
t0.40386 
10.40349 


1959688 10.40312 
| 10. 40275 


10.40238 
10 40202 
10 40165 


10.401 28 


— — — — 


10.4009. 
10. 40054 
10. 40017 
10.3998 
10-39944 


1009997 
10. 39870 


1039834 


10. 39797 
10.39701 
10,397 24 
10.39687 
10 39651 
10.396114 


10.3928 


10.3954 
10.395805 
10.39468 


10 39432 


10.39395 
10.39359 


Tang. 


Secant. 


10.03132 
10.03137 
10.03 142 
10.03 147 
10 03152 
104031 57 
10.03 162 
10.03 167 
10.03172; 
10 03177 
10.031182 
10.031187 
1003192 
10.03 197 
10. og 202 
o. o3 209 
10.0321 2 
10.03217 
10.03223 
10:03228 


10.03233 
10.03238 
10.03243 
10.03248 
10.03253 
10,03258 
10.03203 
10,03268 
10,0327 3 
10.03278 
10.032883 


a 


— ——— 


10.43592 
10-43561 


10.43528 
10.434966 


10.4 3464 


10.43432 
10,4 3401 
10.43369 
10.43337 
10.43305 


10.43273 
10:43241 
10.43210 
1043178 
19.43146 
10.43114 
10 43083 
10.4305¹ 


10.430201 
10.429881 


10.429556 


10.42925 
1.42893 


10.428062 
0.42831 


— 


10. 42799 
1042768 
10442736 
1042705 
10442074 
10:42643 


68 Degrees. 


. 


| 


ö . 


Min. o S lee woe 


= 
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*” 

'£ 

+2 


H 
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[ 468 ] 


T Table of Artificial Sines, 


22 Degrees. 


5 
957389995712 
57420996706 
57451996701 
5 


1419-57793 
15|9-57824|9-96040 
1619-57855 9.25034 


2019-57978] 5-90014 
21 |9-58008| 9.96609 
22|9.58039|9-96003 
2319-5807019-96598 
2419-58401 9.90593 
2519-5813119-96588 
2 — 9.96582 
2719-58192[9-90577 
2819.58223]9-96572 
2919-58253 1996567 


9-5735819 9671719. 


9.61200 


"Wo 


10.39359 
10.39323 
10. 39286 
10. 39250 
10.39214 
10.39178 
10. 39141 
10. 39105 
10. 39069 
10-39933 
10. 38996 
10. 38960 
10.38924 
10.38888 
10.38852 
10.38816 
10.387 80 
10.387 44 
10. 38708 
10.38672 
10. 38636 
10.3 8600 
10.3864 
10.385828 
10.38492 
10.3847 
10 38421 
10.3838 5 
10.38349 
10.38313 
10. 38278 


9.01184 


9.61256 
9.61292 
9.61328 
9.61 304 
9.61400 
9.61436 
9.61472 
9.61 508 
9.01544 


9.61579 
9.61615 


9.61651 
9.61687 
9.61722 


3019-58284 [9.90502 


| Tang. | 


Secant. 


1003283 


10. 03289 


10.03 294 


10.03 299 
10. 03304 
10. oz 309 
10.03314 
10.033 19 


10.03324 | 


10.0333O 


10.03335 
10.03340 
10-03345 
10.03350 
103355 
10.03301 
10.03366 
10.03371 
10.03376 
10.03381 


10.03386 


10.03392 
1803397 
1 0.03402 
10. 03407 
10.0341 2 
10.003418 


10.03423 
10.03428 


10.03433 


10.03439 


10.42043 


10.42611 

10.42580 
10.42549 
10.42518 
10.42487 
10.42455 
10442424 
10.42393 
10.42392 
10.42331 

10. 42300 
10. 42269 
10.42238 
1042207 
10.42176 
1042146 
1042115 
10. 42084 
1842053 
10. 42023 

10.41992 
10.419061 

1.41930 
10. 41900 
10.41869 
10.41838 

10.41808 
10-41777 


10.41747| 


10.41716 


| Secant. 


67 Degrees. 


[ 


469 ] 


Tangents, and Secants. 


22 Degrees. 


Tang. 


9.61722) 
9.61758 


9.61794 
9.61830 


9.61865 


9.61901 
9.61936 


9.61972 
9.62008 


9.62043 


9.02079 
9.02114 


9.62150 
9.62185 
9.62221 


609110.37391 


10.38278 
10.38242 
10. 38206 
10.381171 
10.38135 
10.3 8099 
10. 38064 
1038028 


10.37992 
10-37957 
0.37921 
10.37826 
10.37850 
10.37815 
10-37779 


10.37744 
10.37709 
10,37073 
10 37638 
10. 37602 
10.37567 
10.37532 
10.37496 
10.37461 


10.37426 


10.37356 
10.37320 


10.37285 
10.37250 
10.37215 


| Secant. 


10. 03439 
1003444 
0.03449 
10.03454 
10.03459 
10.0346; 
10,03470 


10.03475 
10.0341 


10 03486 


10,03491 
10 03496 


10.03502 
10 03507 


| Tang. 


10 03512 


10.03517 
10.03 523 
10. 03528 
10 03533 


10.03539 


10.03 544 
10.63549 


10.03555 
10.03 560 


10.035656 


10.03 871 
10.03 576 


10.0358 
10.03 587 
10.03 592 


10.035927 


10.4716 
10. 41686 
10.41655 
10.41625 


10.4194 


10.41 564 
1.41534 
10.4150 
0.41473 


10.4443 


10.411412 
10.41382 
10441352 
10.41322 


10.41 292 


10.4126 
1041231 
10. 41201 
10.41171 


1041141]! 


I0,41111 
10.41081 
LO.4IOGH 
10.41021 
10.40991 
10.40961 
10.40931 
10.40902 
10,40872 
10.4084.2 
10.40812 


. 


1 


= 


127 


, 


03 Þ 


12 


2 — 00 512 


Min. [o » 


= 67 Degrees. 


Hh 3 


— , ˙ 


F IE IEEE it EEE 


. * : * 


2 . r 


[450] 


* 


9 Table of Anna Jines, 


23 Degrees. 


fo 0 hes - of WIN 
8 | 
1 
© 
+ 
da 
WA 


10 


10. 36900 


10.3721) 


1037180 
10.37145 
to 37110 
10370285 


Secant. 


75 03597 
10. 03603 
to 03608 
10.03014 
10.03619 


10.40812 


10.40782 
10.40753 
I0,40723 
10.4059 3 


10.3 7039 
t0.37004 


10.36969 
0.36934 


0.03624 
10. oz630 
10.036353 
10. 03640 
10. 03646 


10. 36865 
10 36830 
10.3679 5 
10. 36760 
10 36725 


10. 03651 
1003057 
10,03 662 
10,03608 
10.03673 


10. 40654 


1.40845 


10 $0398 


10,40634 
10.40604 


10,.40575 


10.405 16 
1040486 
10.40457 
10. 40427 


10. 36690 
10.3665 5 
ro 36621 
10:36586 
10 36551 


10,03078 
10.03684 
1003689 


1003695 
10 03700 


10.36377 


10. 36170 


irn 
— 


10. 365 16 
10. 36482 
10.356447 
10 36412 


10.6343 
10.3630 
10. 36274 
10,30239 
10.36204 


10.03706 
10.03711 
10.03716 
10.03722 
10 03727 


10,9373 3 
10 03738 


10.3749 
10.0355 


Tang. 


| 


10,40251 


440185 


1040369 
10 40339 
10.403 10 
10, 40280 


10.40222 
10.40193 
10.40163 


10,401 34 


10.03744 


10.40076 
10.40046 
10.40017 
10.39988 


10.03700110 3 


PH 


2—— 66 Degrees. 


471 ] 


Tangents, and Secants. 


— 


23 Degrees. 


Tang. 


9.63830 
9.63865 
9.53899 
9.03934 
9.63968 


9.04517 
9.04552 
9.64586 
9.64620 
294985 
9.64688 
9.64722 
154756 

9.04790 
9.64824 
9.648 58 


; 


10.36170 
10.36135 
10.36101 
10,36066 
10,36032 
19.35997 


10.35963 
10.35928 


06|10.35894 


10.35860 


[ 


10.03760 
10,03766 
10.03771 
10.03777 
10,03782 


10.03788 
10.03793 


10. 03799 
10. o3 804 


Io 03810 


* 


— Rd 


10. 39930 
10. 39901 
10.39872 
10.39843 
10.39814 


10.39785 
10.39756 
10.39727 
10.39698 
10,39670 


10.35825 


10.3579 
10.35757 
10.35722 


10.35688 


10.35654 
10 35619 
10.3558 5 
10. 35551 
10.355117 


10.354833 
10.3 5448 
10.35414 
10.35380 
10.35340 
10.35312 
10.35278 
10.35244 
10.3520 
10,35176 


Tang, 


10,35142 


I0,03815 
lo 03821 
1003826 
10 03632 
10 03838 


10.39041 
10.39012 
10.39583 
10.39554 
10.39526 


10,03843 
10.03849 
10.003854 
10 03860 
10.038655 
10,0387 1 
10.63877 
10.03882 
10.03 888 
10,03893 


10.03899 
1003905 
10. 03910 
10. 03916 
10.03921 
10.03927 


| 


10.39497 
10.39408 
10,39439 


10.39411 
10.39382 


10.393 54 
10. 39325 
10. 39296 
10.39268 
10. 39239 
1039211 
10.39182 
10.39153 
10.39126 


10-39097 
10. 39069 


Secant. 


66 Degrees. 


a” 


H h 4 


| Min-{ o aal ee 


* * < 1 
* * 25 "I" 
8 — 2 Ml * 
2 
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EEE 


199299 


i 
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* 
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A Table of Artifcial Sines, 


24 Degrees. 


* 
* 


8 WI owl. ER of u 


995944 
995943 
9-95937 
995931 


Tang. 


9.64858 
9 64892 
9 64926 
9.64960 
904994 
9.65028 
9.65062 
9.65096 
9.65130 
9.65164 
955197 
9.05231 
9.65205 
9.65299 
9-05333 
9.65366 
9.65400 
9.05434 


9.65501 
9 65535 
9.65568 
9.65602 
9.65636 
9.65669 
9.65703 
9 65736 
9 65770 
9.65803 
9.65837 


9.65870 


9.65467 


| Tang. 


1035142 
10 35108 
10.35074 
10.35040 
10 35006 
10.34972 
1034938 
10. 34904 
1034870 
10.3493 
10.34803 


10.34769 
10434735 


10,3470! 
10.34667 


Secant. 


10.03927 
10.03933 
10,03938 


10.03944 


10.03950 


10003955 
10.03901 


10. 03967 


10.03972 
10.03975 


10.39069 


10.39040 
10. 39012 
10.38984 
10.38955 


10 3892715 
10.38899] 5 
10-38871 
10. 38842 
1038814 


10.03983 
10. 03989 
1.53995 
1004001 
10.04006 


10.38786 
10 38758 
10. 38730 
10. 38702 


1038674 


10.34034 
10.34600 
10 34566 


10-345 33 
1034499 


10.34465 
10.34432 
10.34398 
10 34304 
10.34331 
10.34297 
10:34264 
10.34230 
10.34197 
10.34163 
10.34130 


| 


10,0401 2 
10.04018 
10.04023 
10.04029 
10 04035 
10.04040 
10,04046 
10.04052 
10.04058 
10 04003 
10,04069 
10,04075 
1 0.04081 
10.04086 


10,04092 
10. 04098 


10.38046 
10.38618 
10.38590 
10.38562 


10.3834 


10.3850 
10 38478 
10.38450 
10.38422 


138394 


10.383606 
10.38338 
10.3831 
10.38283 
10.38255 


10 38227 
[_ Secant. 


65 Degrees. 


[ 473 ] 


Tangents, and Secants. 


24 


Degrees. 


— — 


9.61773 9.95902 
9. 61800 9.95897 
9.61828 9.95891 
4 61856, 9. 95885 


1883 9.98879 


1911 [9.95873 
9.95858 


9. 61966! 9.95862 
9: 61994 | 9 95856 


20219. 9.95850 
2049 9. 9.95845 
9.95839 
9 95833 
9.95827 
21599. 95821 


9.95815 
9.95810 
9.95504 
9.95798 
2296 19-95792 
232319-95786 
9.95780 
9.95775 
9.95769 


2432[9-95703 


9.95757 
9.95751 
9.95745 
9.95739 
9.9574 


9-0259519-95728 


Dine. 


9.65870 


Tang. 


9.65904 
9.65937 
9-05971 
9.66004 
9.66038 
9.66071 
9.66104 
9.66138 
9.660171 
9.6620 
9.66238 
9.66271 
9.66304 
9.06337 
9.66371 
9.66404 
9.66437 
9.66470 


10.34130 
10.34096 
10.34063 
10.34029 
10.33996 
10.33962 
10.33929 
10. 33896 
10.33862 
10.33829 


4110-33796 


10.33762 


10.33729 


10.33696 
10.33663 


10.33629 
10. 33596 


10.33563 
10.33530 


9.66504 
9.66537; 


9.66636 


9.66735 
9.66768 


9.66801 


9.66834 
9.66867 


ny 
1033463 
9.65570 10. 33430 
9. 66603 | 


9.66702 


10.33497 


Secant. 


10.04098 


10.04104 


10.04109 
10.04115 


10.04121 


10.38227 


10.38200 
10.38172 


10,38144 
10.38117 


10.04127 
10.04132 
10.04138 


10.04144 
10.04150 


10.04156 
10.04161 
10.04167 


10,04173 
10.04179 


10. 38089 
10.38061 
10.38034 
10.38006 


10.37979 


10.37951 
10.37924 
10.37896 
10.378609 


10.372841 


10. 04185 
10. 04190 
10. 04196 
10. 04202 
10. 04208 


10.37814 
10.37787 
10.37759 
10.37732 


1.32704 


10.33397 


10.33364 


9.66669 10.33331 


10. 04214 
10. 4220 
10. 04225 
10.04231 


10.042327 


10.33298 
10.33205 
10.33232 
10,33199 
10.33166 


10.33133 


Tang. 


10.04243 
10.04249 


10.04255 
10.04261 


10.04267 


10.04272 


10. 37077 


10.37650 
10.37623 
10.375958 


10. 37568 


10.37541 
10.37514 
10.37487 
10.37459 
10.37432 
10.37405 
Secant. 


65 Degrees. . 


— 


— 


* — — 


— 
— 


Min. lo bees wo 


i * 


[474] 


— Table of Artificial Sines, 


Þ = r 


38 Degrees. * 


. 


[$3832 Sees owls wy = ol WIN 


9-95555 


Tang. 


9.66900 


61966933 
9.66966 10.33034 

9:00999 | 1933001 
9.67032 


9.6 


223590 2:95549 [9s 


9.66867, 


19.33133 


10.33100 
10.33067 


10.32968 
10.32935 
10.3 2902 
10.32869 
10:32537 
10.32804 
10.32771 
10.32738 
10. 3 2705 


10. 32673 


10. 32640 
10. 32609 


6110:32574 


10,32542 
10.32509 


Secant. 


— cc -- | 


10.04272 
10.04278 
10.04284 
10.04290 
10.04290 


| 


10.37405 
10.37378 
10.37351 
10.37324 
10.37297 


10.04.302 
10.04308 
10.04314 
10.04320 
10.04326 


0.37270 
1037243 
10.37216 


10.37189 


222 


10.04332 


10. 04338 


10. 04343 
10.4349 
10.043558 


10.04361 
10. 04367 


10. 04373 


10. 04379 
10.0438 5 


10.371385 
10. 37108 
10. 37082 
10. 37055 
10.37028 


10. 37001 
10.360974 
10. 36948 
10 36921 
10.3894 


10. 32476 
10.324444 
10.3241 
10.32378 


10. 32346 


10.32313 
10.32281 
10.32248 
10.32215 
10.32183 
10.32150 


Tang. 


10.04391 
10.04397 
10.04403 
10.04409 


10,04415 


10.04421 
10.04427 
10.04433 
10.04439 
10.04445 
10.04451 


10.36867 
10.36841 
10.36814 
10.36787 
10-36761 
10.36734 
10. 36708 
10. 36681 
10.3665 5 
10.36628 
10. 36602 


Secant. 


[475] 


Tangents, and Secants, 


EI co. 
5 Sine. 


9. 93425 | 
9.63451 


2 
20 0 


9.63504 
9.63531 
9.63507; 
9.03583 | 
9.63610 | 
9.6 63636 
9.63662 
9. 63689 
9.63715 
9.03741 
903707 
9-03794 
9.63820 
9.63846 
9.63872 
9.63898 
9.03924 
9.03950 
9.63976 
9.64002 
9.04028 
9.64054 
9.64080 
9.64106 
9.64132 
9.64158 
9.64184 


| 


9.63478, 


9.63398 9.95549 


9.95543 
9:95537 
9.95531 
9:95525 
9-95519 
9:95513 
9.95507 
9.95501 
995494 


2 


9.95000 95488 
9.95482 
9.95476 
9.95470 
9.95404 
9.95458 
9.95452 
9-95446 
9.95440 
9.95434 
9.95427 
9.95421 
9.95415 
9.95409 
9.95403 
9.95397 
9.95391 
9.95385 
9.95378 
9.95372 
9.95300 


Tine. 


669.8818 68818 


9 67850 


Tang. 


9.67882 
9.67915 
9.07947 
9.67980 
9.68012 
9.68044 


9.68077 
9.68109 


9.68142 


25 Degrees. 


10.32150 


10.32118 
10.3208; 
10.32053 


10.32021 


Secant. 


— — — 


10.4451 
10. 04457 
10.044663 
10. 04469 
10.044755 


10. 36575 
10.36549 
10.365 22 
10.36496 


10.31988 
10.31956 
10.31923 
10 31891 
10.31858 


10.04481 
10.04487 


10.04494 
10.04500 


10.04506 


10.36469 
10.36443 
10. 36417 
10. 36390 
10. 36364 


9.68174 
9.68206 


9.68239 
9.68271 


9.68303 


10.31826 
10.31794 


10.31561 


10.31729 
10.31697 


9.68336 
9.68368 
9.68400 
9.68432 
9.68465 


10.31664 
10. 31632 
10. 3 1600 
10. 31568 
10.31535 


10.04512 
10.04518 
10.04524 


10.04530 
10.04536 


10,36338 
10.36311 
10.36285 
10.36259 
10.36233 


10. 4542 


10.04548 
10. 04557 


10.04560 
10.04567 


10. 36207 
10. 36180 
10.36154 
10. 36128 
10. 36102 


9. 9 58497 
9.68529 
9.68561 
9.68593 
9.6 68626 
9. 68690 
9.68722 


9.6879 
9. 68786 


EE 


10.31503 
10.31471 
10.31439 
10.31407 


0.31375 


10.31342 
10. 31310 
10.31278 
10. 31246 


10.31214 


10.31 182 
Tang. 


10.4573 
10. 04579 
to. o4585 
10.04591 
10.04597 


10, 36076 


10.35998 
10.35972 


10.04603 
10.04609 
10.04616 
10.04622 
10.04628 


10.04634 


10.35946 
10.35920 
10. 5523 
10. 35868 
10. 35842 
10.35816 


. 


Secant. 


64 Degrees. 


- 


110. 36602 


10.36050! 
10.36024|. 


| 


14 


8 
— 


J Min. 


— — 9 IO - 


- . 8 812 88 


: = Code. A .. — * 


[ 476 ] 


— — 


A Table of Artificial Sines, | 


26 Degrees. 


* 11 —_ 


lo * ne W ol "uJN 


— 
O 


— 


6 —_ 


9.95366 
9.95360 
9-95354 
9.95348 


9:95 34! 


9.95335 
9-95329 
9:95323 
9:95317 
9.95310 
99530419 
9.95298 
9-95 492 
9.95286 


995279 


9.95273 


69.95267 


9.95261 
4544 


9:0407319:95248 


| 
| 


9.95242 
9-95 236 
9.95229 
9.95223 
9.95217 
9.95211 
9-95 204 
9-95198 
9.95192 
9.95185 
9-95179 
Sine. 


It 


Tang. 


9.68818 10.31182 
9.68850 10.31150 
9.68882 .10.31118 
9.68914 10.31086 
9.6 68946. 10.31054 
9. 9.68978. 10.31022 
9.69010, 10.30990 
9.69042 j 10.30958 
9.69074. 10. 30926 
9. 9.69106} 10.30894 


9.609170 
9.69202 | 
9.69234 
9.69266 
9-69298 
9.69329 
9.69361 
9.69393 
9.69425 
9.69457 
9.69488 
9.69520 
9.69552 
9.69584 
9.69615 
9.69647 
9.69679 
9.69710 
9.69742 
9.6 


Secant. 


10,04634 
10.04640 


10.35816 


10.35790 


10.04646}10.35704 


10.04653 
I0. 04659 


10.35738 
1.35712 


10.0466; 
10.04671 
10,04677 
10.04083 
10.04690 


10.30862 
10.30830 
10.30798 
10.30766 
10-39734 
10.30703 
10. 30671 
10.3063 

10. 3 
12.385 
10.30543 
10. 30512 
10. 30480 
10. 30448 
10. 30416 


9669736 


10. 04696 
10. 04702 
10. 04708 
1004715 
10.0421 
10. 04727 
10. 04733 
10. 04739 
10.0474 


10. 04752 


10.04758 
10.04704 
10.04771 


10.04777, 
10 04783 


10.3038 

10.30353 

10.30321 

10.30290 

10.30258 

10.30226 
| Tang. 


9774 


N 


10. 04789 
10. 04796 
10,0402 
10. 04808 
10.0481 5 
10. 04821 


10.35687 |: 
10.35661 | 


10.35635 


10.3560g 


10.35584 


10.35558 
10.35532 
10.355065 


10.3548 
10:35455 


10.35429 
10.35404 


(10.35378 


10 35353 
10.35327 
10. 35302 
10.35276 
10.352561 
10.35225 


10. 35 200 


10.385174 
10.35 149 
10.351123 
10. 35098 


10.350973 


10.358047 
Secant. 


63 Degrees. 


[47] 


Tangents, and Secants. 


26 Degrees. 


55|9.6560g 
5719-05030 
5819-65655 
59|9-65680 
60 9.65204 
=? 


9-95179 
9-951753 
9.95107 
9.95160 
9-95154 
995148 
9.9514¹ 
995135 
995129 
9 95 122 
9.95116 
9.95110 


619.95 103 


9958997 


5306[9-95091 


9.95984 


619.95078 


9.95071 
9.95065 


9.95059 


9-95052 
9.95046 


0619-95039 


9-95033 


55019-95927 


9.95020 
9.95014 
9.95007 
9.95000 
9-94995 
9.94988 


—— — 


Tang. 


9.09774 
9.69805 
9.69837 
9.69869 
22209 
9.69932 
9.69963 
9.69995 
9.70026 
9.70058 
9.70089 
9.70121 
9.70152 
9.70184 
9.70215 
9.70247 
9.70278 
9.70310 
9-70341 
979372 
9-70404 
9-70435 
9.70466 
9-70498 
970529 
9.70560 
9-70592 
9.70623 
9.70654 
9.70685 


10. 30226 
10. 30195 
10.30163 
10. 30132 
10. 30100 


10. 04821 


10.04827 
10.04834 
10. 04840 
10. 04846 


10. 30068 
10. 30037 
10. 30005 
10.29974 
10. 29942 


10.04852 
10.04859 
10.04865 
10.04871 
10.04878 


10.29911 
10.29879 
10.29848 
10 29816 
10.2978; 
10.29753 
10.29722 
10. 29691 
10. 29659 
10. 29628 


10. 29596 
10.29505 
10.295 34 
10.29502 
10.20471 


10.29440 
10.29408 


10.29377 
10.29346 
10.29315 
10.29283 


Sine. 


— 


Tang. 


10. 04884 
10. 04890 
10. 04897 
10.04903 
10,04910 
10.04916 
10.04922 


10. 04929 
9.04935 
to. 4941 
10. 04948 
10. 04954 
10. 04961 
10. 04967 
10.04973 
10.04980 
10.04986 


10.04993 


0.04999 
10.05006 


10.05012 


* 


10. 3504 
10.385022 
0.34997 
10.3497 
10. 34946 
1.34921 
10. 34896 
10. 34870 
10.348455 
10. 34820 


10. 34795 
10. 34770 
1.34745 
10. 34719 
19-34094 
10. 34669 
10.34644 
10.34619 
10.34594 
10-3456g 


10.34544 
10.34519 
10. 34494 
10.34469 
10.34444 
10.34420 
10.34395 
10.34370 
10. 34345 
10-34320 
10.34295 
Secant. 


— 


63 Degrees. 


„ 


Min. o = t» w + mn [ove oo 


| 


— — FCG TR. A. ALE 


410 


lo ws GATES as 0 — o *UIIV p 


A Table of Artificial Sines, 


27 Degrees, 


9.65705 
9:65730, 
9:65754 


9.66441 


9.94988 


9.94982 
9.25275 


9.94909 


220985 


9.94956 
9.94949 
8 9.94943 
9.94936 
9:05927 1 9:94939 
9.94924 


9:94917 
9.94911 


9-94904 


9.94898 
9.94891 


66099 9.94885 


9.94878 
9.94872 
9:9480; 
9.94858 
9.94852 
9.94845 
9.94839 


2 |9:94832 
9.94826 


9.94819 
9.94813 
9.94906 
9.94800 
9:94793 
Sine. 


| Tang. 


9.70717 
9.70745 
9578779 
9.70810 
9.70841 
9.70873 
9.70904 
9.70935 
9.70966 
9:79997 
9.71028 
971059 
9.71090 
9.71122 
9:71153 
9.71184 
9.71215 
9.71246 
9.71277 
9.71308 
9.71339 
9.71370 
9.71401 
9.71431 
9.71462 
9.71493 
9714 
97155 
9-7155 
9.71617 
9.71048 


1 


— —_— 


10,29283 
10. 29252 
10.29221 
10. 29190 
10. 29159 
10. 29127 
to. 29096 
10. 29065 
10. 29034 
10. 29903 
10. 28972 
10. 28941 
10. 28910 
10. 28879 
10. 28848 


Secant. 


10.0501 2 
10.05018 
10. 05025 
10. 05031 


10.05038 
10.05044 
t0.0G051 
10.05057 
10,05064. 
10.05070 
10.05077 
10.05083 
10.05090 
10,05096 


10.05103 


10. 34295 
10.34271 
10.34246 
10.34221 
10.34196 
10.34172 
r0.34147 
10.34122 


10. 34098 


10. 34048 
10, 34024 
10.33999 
10.33975 
19:33950 


10.28816 
10.2378; 
10.28754 


10.28723 


10.285692 


10. 28666 
10. 28630 
10. 28600 
10.285669 
10.285638 


10. 28507 
10. 28476 


10. 28445 


10. 28414 


10. 28383 
10. 28352 


Tang. 


3 


10.05109 
10.05116 
10.05122 
10.05 129 
10.05 135 
10. o5 142 
10.05 148 
10.05155 
10.05 161 
10. og 168 


10.05 174 
10. 05181 


10. 05187 
10.05 194 
10. 05201 
10.05 207 


10.33925 
10. 33901 
10. 33876 
10.3385 2 
—.33827 
10. 33803 


10.33779 
10.33754 
10.33730 
10. 33705 
10. 33681 
10. 33657 
10.33632 
10.33608 
10.33584 
10.3379 


Secant. 


— 


10.34073|51 


( 


479 ] 


Tangents, and Secants. 


27 Degrees. 


_ 


55 9.67042 
2 


9-94793 
9-94780 
9.94780 
994773 


9.6653819-94707 


9.94760 
9.94753 
9.94747 
9 94.740 


6558[9-94734 


9.947 
9.94720 


9-94714 
9494707, 
290470 


9.946094 
9.94087 
9-94680 


9.94674 
9:668991 9.94907 
9.94060 
9-94054/ 


9-94047 
9-94640 
9946534 
9.94627 


9.94620 
9.94614 


9.94607 


9.94600 
2 24821. 


Sine. 


| 


Tang. | 


9.71648 
9.71679; 
9.71709 
9.71740 
9.71802 


9.71863 
9.71894 
9.71925 
9.71956 
9.71986 
9.72017 
9.72048 
9.72078 
9.72109 
9-72139 
9.72170 
9.72201 
9.72232 
9.72262 
9.72293 
9.72323 
9.72354 
9.22384 
9.72415 
9.72445 
9.72470 
9.72507 
9.72537 
9.72507 


9.71833 


10. 28291 
10. 28260 
10. 28229 


| Secant. 
10.05 207 
1005214 
10.05220 
10.05227 
10.05233 


10.28198 
10.28168 
10. 28137 
10. 28106 
10. 28075 


10. 28045 
10. 28014 


10.27983 
10 27952 
10.27922 
10.27891 
10.27860 
10.27830 
10.27799 
10. 27769 


10. 05240 
10.05 247 
10. 05253 
10.05 260 
10. 05267 


: 


| 


10.33559 
19.33535 
10.335 11 
10.33487 
19-33463 
10.33438 
10.33414 
10.33390 
10. 33366 
1.33342 


10.05 273 
10.05 280 
10. 05286 


10. 05293 
o. oꝶ 300 


10. og; 306 


10. 05313 
10.053 20 


10. 05 326 
10. 05333 


10.33318 
1033294 
10. 33270 
1.33245 
10.33221 


10.33197 
10.33173 
10.33149 


10.33125 
10.33 101 


10.27738 
10.27707 
10.27077 
10.27646 
10.27016 


10.27585 
IO.27555 
10.275 24 
10.27494 
10.27403 
10.27433 


10.05 340 
10.05 346 


10.853535 
10. 05360 
10. 05366 


10.05 373 
10. o 380 


10. 05386 


10.95 393 
10.05400 
10.05407 


| Tang. 


þ. 


10.33078 
13354 
10. 33030 
10. 33006 
10.3 2982 
10.32958 
10.32934 
10. 32910 
110.32887 
10.32863 
10.32839 
| Secant.. 


_ 62 Degrees. + 


ö 


: 


| 


4 


to 
da 


Min. | 9 le 0 8 


[480] 


A Table of Artificial Sines, | 


Degrees. 


* 


Selbe o| "uJN 


= of 


9.67866 


Sine. 


9.67161 
9.67185 
9.67208 
9.67232 
9.67256 
9.67280 
9.67303 
9.67327 
9-67351 
967374 


9.67398 
— — 
9.67445 
9.67468 
9-07492 
9.67516 
9.67539 
9.67562 
9.67586 
9.67 
9.67633 
9.67656 
9.67680 
9.67703 
9.67726 
9.67750 
9.67773 
9.67796 
9.67820, 
9.67843 


609 19-9446 


9.94594 
9.94587 
9.945 80 
9.94573 
9-94507 
9.94560 
9-94553 
9-94546 
9.94540 
22433 
9.94526 
9.94519 
9.94513 
9.94506 
9:24499 
9.94492 
9-94485 
9-94479 
994472 
5 


9.94458 
9.94451 

9-94445 
9-94438 
9:2443! 

99442 
9:94417 
994410 
9.94404 
9.94397 


2212 


Sine. 


— 


9.72567 
9.72598 
9.72628 
972689 
9.72689 
9.72720 
9-72750 
9.72781 
9.72811 
9.72841 
9.72872 
9.72902 
9-72932 
9.72903 
9-72993 
9-73023 
9-73954 
9.73084 


9.73114 


9:73144 
9-73175 
973205 
9.73235 
9.73265 
9.73296 
9.73320 
9.73356 
9.73386 
9.73416 
9.73446 


10.27433 


10.27159 


10. 27402 


10.27372 
10.27341 
10.27311 
10.27280 
10.27250 
10.27220 
10.27189 


10.27128 
10.27098 
10.27068 
10.27037 
10.27007 


Secant. 


10.05407 
10.05413 
10.05420 
10.05427 
10.05433 


10.05 440 
10.05447 


10.05 454 
10.05460 


19.05474 
10.05481 


19.05 487 


19,05 494 
10.05501 


10.26977 


10.26947 
10.26916 


10. 26886 
10. 26856 


10. 26825 


9.23476 


10. 26795 
10.2676; 
10.26735 
10. 26705 


10. 26674 
10. 26644 
10. 26614 
10. 26584 
10. 265 54 
10. 26524 


10. o 08 
10. o5515 
10.05 52ʃ 
10. 05528 


10.05535 
10.05 542 


10.05549 


I0.OTTTO 
10.05 562 


10.05569 


10.05576 
10.05 583 
10,05590 
10.05596 
10. 05603 


10.05610 


Tang. 


— 


10.3253204% 
10.325081 46 


10. 3213430 


Secant. 


=7 Degrees. 


Min 


[ 481 } 


- - — 


Tangents, and Secants. 


28 Degrees. 


9.94390 
994383 
9 94370 
9.94369 
224302 
994350 
9-94349 
9-94342 
9-94335 


9.94321 
9-94314 
9.94307 
9.94300 

2:24225 
9.94286 
9 94280 
994273 
9.94266 
9 94259 
994252 
9494245 
9494238 
9.94231 
9.94224 
9:94217 
9.94210 
994203 
9.94196 
9.94189 
9.94182 

Sine. 


9.94328 


Tang. 


9.73476 
9 73507 
9.73537 
9.73507 
9:73597 
9.73027 
9.73657 
9.73687 
9.73717 
22212 
9.73777 
9.73807 
9.73837 
9.73867 
22229 
9.73927 
9.73957 
9.73987 
9.74017 
9.74047 
9.74077 
9.74107 
9.74137 
9.74166 
9.74196 
9.74226 
9.74250 
9.74286 
9.74316 
9.74345 


224325 


10. 26524 


10. 26493 
10. 26463 
10. 26433 
10. 26403 


10. 26373 
10. 26343 
10.263 13 
10. 26283 
10. 262 63 


10. 26223 
10. 26193 
10. 26163 
10.261733 
10. 26103 


10. 26073 
10. 26043 
10.260713 
10. 25983 


10.25953 


10.25923 
10.25893 
10 25864 
10.25834 
10. 2 5 804 


4e. 9 
10.285744 
1025714 
10.258684 
10.2565 5 
10 25625 


Tang. 


Secant. 


19.05610 
10.05617 
10,05624 
10,05631 
10 05638 
10.056455 
10.056561 
10.056568 
1005665 
10 05672 
10.05679 
10.05686 


10,05693 
10.05700 


10.05707 
10.05714 
10.05721 
10.05727 


10 05734 
10 05741 


10.057 48 


I0.05755 
10.057602 


1005769 
10.05776 
10,05783 
10.05790 


10,05797 
10,05804 
I0.05811 
10.05818 


—̃ —ů —-—t 


o 


— — — 


1032134 
10.32110 


10.3 2087 
10.3 2064 
10,3204 1 
10.32018 


10,31994 
10.3197 
10.3 1948 
1031925 
10. 31902 
10.31879 
10.31856 


10,31833 
10.31810 


10.31787 
1031763 
10.317401 
10431718 
10.31695 
10,31672 
10,31649 
10.31626 
10.31603 
10.31 580 


10.31557 


10.3153 4 
10.3111 


61 Degrees. 


dy 


p tt th. _—__———— 


I 482} 


"A Table of Artificial Sines, 


29 


Degrees. 


5 ho ww ow ww - of "WIN 


lh 


ASA C4475 323-4 4+ 
© 8 Own » - 0 FO wow Ownf+ wt» 


ul -- 


e 


9.0 9:94948 


—— r— 


9 94182 
9-94175 
9-94168 
9.94161 
9 94154 
994147 
9.94140 
994133 
9.94126 


9.9412 
9.94105 
9.94098 
9.94091 
9.94083 
9-94076 
9.94069 
9.94062 
994055 


9.94041 
9.94034 
9.94027 
9.94020 
9.94013 
9.94005 
9.93998 
9.93991 
993984 
993977 
9.93970 


| Tang. | 


9.74375 
9 74495 
9.74435 
9.74405 
9.440410. 25506 


9.74524 


9.7454 


974584 


9.74013 


9.74043 


9.74673 
9.74702 
9.74732 
9.74762 
22.2 
9.74821 
9.74851 
9.74880 
9.74910 
9.74939 


9.74969 
974997 


9.7 
9-7 


5028 
5058 
8082 


9-7 


9˙7 
9-7 
9-7 
9-7 
9-7 
97 


Sine. 


12 


5117 
5146 
5176 
5205 
5235 
$204 


10.2562 5 
10. 25595 
10.25 565 
10. 25 536 


10. 25476 
10.25446 
10.2547 
10.25387 
10-25357 
10.25327 
10.25 298 
10. 25268 
10. 25238 
to. za 2c 
10. 25179 
10.25 150 
10. 25120 
to. 25090 
10.2 5061 
10. 25031 
10.2 5002 
10. 24972 
10. 24942 
10. 24913 
10. 24883 
10 24854 
to. 24824 
10. 24795 
10. 24765 
10. 24736 
| Tang. 


| 


Secant. 


20.058 18 


1005825 
10. 05832 
10. 05839 
10.05846 
10.05853 
10.05 860 
10.056867 
1005874 
10.005881 


10.05888 


$0.05895 
10.05902 
10. 05910 
10.0597 
10.05924 
1005931 
10. 05938 


10.5945 


10.059552 


10. 05959 
10.05966 


1005973 
10. 05980 


1005988 


I 0.05995 
10.06002 


10,06009 
I 0.060 | 6 
10. 06023 
1006030 


| 


10.31443 


1031125 


10.31013 


| 


10.31420 
1031397 
10.31375 
1.31352 
10. 31329 
10. 3 1306 
10. 31284 
10 31261 
10.31238 
1031216 
10. 31193 
10.311701 
10.31148 


10.31103 
10.3 1080 
10.3 1058 
10.3103 5 


10. 30990 


10. 30968 
10. 30945 


10. 30923 


10. 30878 


10. 30856 


10. 30833 
10.308711 
10.30788 
10.30766 
Secant. 


60 Degrees. 


3 


[ 483 ] 


* th... mt _ 


| Tangents, and Secants. 
1 755 29 Degrees. 


Tang. 


Secant. 


10.3070 
10.3073 5 


10.06030 


10.06038 


10.24736 
10.24706 


9.75264 
975294 


9.93970 
6019-93963 
9 93955 


t0.24677 


10.24647 
10.24618 


10.24589 
10.245 59 
10. 24530 
10. 24500 
10. 24471 


1024442 
10.2441 2 


10.24383 
9.75647 1024354 
9:75070 


76110. 24324 
9:75705| 10-24295 
9.7573510.24266 
9757641024236 
9757931024207 
9.75822 10.2478 
9.75852 10,24148 
9.75881}10,24119 
9.7 5901} 10,24090 
9.75940 10.24061 
9.759091 10,24031 
9.75998 10. 24002 
9.70027 | 10,23973 
96556 10.23944 
9.93768] 9.76086] 10.2394 


9.75323 
9.75353 
9 75392 
9.75412 
9-7 5441 
9.75470 
9.75500 
9:75529 
9-75559 
9.75588 
975617 


9.93948 

9.93941 
9.93934 
9.93927 
993919 
9.93912 
9434 [9.93995 
9.93898 
9-93891 
9.93884 
9.93876 
9.5954519-93 869 
9.93802 
993855 
9.93848 
9.93340 
9 93533 
9.93820 
9.93819 
9.93811 
9.93804 
9.93797] 
9. 93790 


9. 93782 
9 93775 


10.060455 
10.0605 2 


10 06059 


10. 06066 
10.0607 3 
10.0608 
1006088 


2 


10.061032 
10.06109 
10,061 16 
10.061 24 
10.06131 


10.00138 
10.06145 
10,00153 
10.06160 
10.06167 


10. 00174 


10. one 
10.001 
10. py 


10 06203 


10, 10,06211 
10 06218 
10.0622 5 


10.006232 


10.309722 


10. 30699 


10,30677| 20 


10. 30655 
10. 30632 
10. 30610 
10. 30589 


10.305666 


1030544 
10.305621 


10.30499 


| 10430477 
19:39455] 


10.30433| 
10.30411 
10.30389] 
10. 30367 


10 30345 


10. 30323 
10. 3og3oi 


10. 30279 | 
10. 30257 
10. 30235 
10.30213 
10.301911 


| 10.30169 


1030147 


$05. 


FIR 


— CP 


' * x ö — F, 
—— Pe — cmd 
2 - 
: — 


10. 06240 


10. 30125 
10. 06247 


10. 30103 
Secant. 


9. 93760 9.761170. 23885 
69897 | 9:93753} 9-70144[10-23856 
Sine. rr Tang. 


—Go Deprees. 


e * 


—— —— — 
- - 


Min. Lo — e 9 


| 


— — 


—— 


N 
| 
| 


=" — 2 9 * : 
u———_” 7" ‚ͤm Wu A ooo oo 


112 


3 


— 
» —— 


. 
, 


{ 484 ] 
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ae of Artificial Sines, 


30 Degrees. 


— —— — 


q 


0 „ © 


69941 |9-9373919-70202 
9-09903 9-93731[9.76231 


_ — 1 


o 
\© 
\O 
ws 
— 


509.9370249 76348 
7219-93695 [9.76377 
319 93587 [9.76406 


— — —— 


rr 
2222 
888 


ko ow ow 1 


— 
9 0 


1 
12 7015919-93 
r1319.7018019.9365819.76522 
1312:7020219:93951 22881 
t519-70224|9-9364319-76581 
16]9-70245|9-93636[9-76610 
1719-70267 9.93628 9.76639 
1819-70289] 9.93621 [9.76668 
1919-70310 9.93614 9.76697 
2019-70332 9.93606 9.76726 
2119-7035319-93599[9 76755 
2219-7037519-93591 [9.70783 
2319-7039619-9358419-76812 
2419-7041819.9357719-70841 


2619-70461]9-9356219-76899 
2719-70483[9-93554[9-76928 
2819-70504|9-93547 9.76957 
12919-7052519 93540 0.76986 


Tang. | 


9 9372419-70z61: 


5.09897 |9.93753[9-76144 10-23850 
9.69919|9.9374619 76173 10.23827 
9 


0.23769 


10.23739 


7 9.76290 
28 9.93709 9.76319 


10.237100 
10.2368 
10.236052 
10.23623 


10-23594 


10.23565 
10.235306 
10.2350) 
10.23478 
10.234499 


259. 704409935099. 76870 


10. 23420 


10,23391 
10.23362 


1023333 


10.23304 


10.23275 
10,23240 
10423217 
10.23188 


10.23159 
10.23130 | 


10 23101 
10.230772 
10. 23043 
10. 23014 
10.229855 


| Tang. 


10.06247 10. 30103 


10.062 54 
10.066262 
10. 06269 
1006276 


10.06284 
10. 06291 
10.06 298 
10.06305 
10.063 13 


10.063 20 
10.063 28 
10.06335 
10,00342 
10.06350 
10.00357 
10.06364 
l 0.0637 2 
10.00379 
10.063 86 


10.00394 
10.06401 
10.06409 
1 0.0041 6 
0. 06423 


10.0643 ü 
10.0643 8 
10.06446 
10.0645 3 
10. 06461 
I 0.06468 


;10.30081 
10 30059 
10.3091 6 


10.299904 


10.29972 
10. 29928 
10. 29907 


10.29885 


10. 29842 
10. 29820 
10.29798 
10. 29776 


10.297755 


10.29733 
10,297 12 


10,29690 
10, 29668 
10. 29647 
10.2962 5 
10. 29604 
10,29582 


10.29561 


10.29539 
10.29496 
10.29475 


10-29453 
| Secant. 


—— 


3 — n Degrees. 


1451 


Tangents, and Secants. 


30 Degrees. 


Sine. 


979547 
9.70568 
1970590 
9.70611 
9.70033 
9.70054 
970675 
9 70697 
9.70718 


9-93532 
993525 
993517 
993510 
9.93502 


9-93495 
9.93487 
9-93480 
9.93472 
9.93465 
9.93457 
9-93450 
9-93442; 
9.93435 
9:93427 
9.93420 
9.93412 
9.93405 
9.93397 


22.222 


9.93382 
993375 
9.93367 
9.93350 


2210589933 


9.93344 
9.93337 
9.93329. 
9.93322 
993314 
9.93307 


Sine. 


977075 


Tang. 


9-7701ʃ5 
9.7704 


9.77130 
977159 
9.77188 
9.77217 
9.77246 
9.77275 


9.77332 
9.77301 

9.77390 
977418 
9.77447 
9.77476 
977505 

977533 

9-77502 
9.77591 

9.77020 
9.77648 

9.77077 
9.77706 
977734 
9.777063 
9.77792 
9.77820 
9.77849 


—.— 


9.77303 | 


— — —— 


10.2298 5 
10. 22956 
10. 22927 
10. 22899 
10. 22870 


10.228411 
10. 22812 
10.22783 


1022754 
1022726 


10.2 2697 
10.226068 


10. 22639 
10. 22610 
10.225682 


10.225553 
10.22524 
10 22495 
10.224067 
10. 22438 


70.42409 
10. 22381 
10.22352 
10.22323 
10.22295 


10.22237 
10. 22209 
10. 22180 
10.2215 
10.22123 


Tang. 


1022266 


| 


10,06483 


10,00505 
10.065 13 


1006558 
1006565 


10.065 88 
10. 06595 
10 06603 


10.61 U 
10.0662 5 


10. 06633 


10-0667 1 


$* 


10,06468 
10,064 75 


10. 05490 
1006498 


10. 065 20 
10.0658 
1006539 
10.060543 
10 065 50 


10 06573 
10.065 80 


10.065610 


10.6640 
10. 06648 
10.066566 
10. 06663 


10. 06678 
10. 06686 


10. 06693 


10.2943 
10.2943 2 
10.2940 


1029389 
10. 29367 


10.293406 
10.293 25 


10. 29303 
10. 29282 


1029261 
10. 29239 
10. 29218 
10. 29197 
10. 29176 
129154 
10. 29133 
10.291712 
10. 29091 
10. 29069 
10. 29048 
10. 29027 
10. 29006 
10. 28985 
10. 28964 
10.28943 
—— 
10. 28900 | 
10.28879 
10.28858 
10.28837 
10,28816 


| Secant. 


8 3 Degrees. 


— F 2 
= 


Ii 3 


Min. o — 8 ©\9 


_ 
% D ——— 


: 
v 


| 
q 
» 
1 
1 
nh 
* 
* 


— 


[ 
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A Table of Artificial Sines, 


— 


31 


Degrees. 


| ur; 


* 00 Hs w 2 


10 


9.71184 


9.71205 
9.71226 


9.71247 
9.71268 268 


971289 
9.71310 
9.71331 
9.71352 
9.71373 
9.71394 
9.71414 
9-71435 
9.71456 
9.71477 
9.71498 
9-71519 
9.71539 
9 71560 
9.71551 
9. 9.71602 
9.71022 


9.71043 


9.7 1663 
9.71685 


9-71705 
9.71726 
9.71747 
9.71767 
971788 


9.93307 
9.93299 
9.93291 
993284 
9.93276 
9.93269 
9.93261 
9.93253 
9.93246 
9.93238 
9-93230 
993223 
993215 
9.93208 
9.93200 
9.93192 
993185 
993177 
9.93169 
9.93161 
9.93154 
9.93146 
993138 
9.93131 


993115 
9.93108 


27-9] 


9.931231 


| 
Tang. 


977877 
9.77906 
9.77935 
9.77963 
222222 
978020 

9.78049 


9.78106 


9.78103 
9.78192 
9.78220 
9.78249 
9.78277 


9.78363 
9.78391 
9.78448 
9.78505 
9.78533 


9 78618 


9.78647 
9.78675 


9.78078 
228135 


9.78306 
9.78334 


19-7 8419 
9.78479 
9.78562 


9.78590 


9.78704 
9-78732 


10.22123 
10.22034 
10.22065 
10.22037 
10 22008 


10. 21980 
10.21951 
10. 21923 
10.21894 
10.218635 


110.21837 
0.21808 
10. 21780 
10.2175 
10.21723 


10. 21666 
1021637 
10. 21609 


10 21581 


10. 21552 
10.218524 
10. 21495 
10.21467 
10.21438 


10,21410 
10.21382 
10.21353 
10.21325 
10.21296 


"1 Tang. 


10.21695 


10.21268! 


10.06808 
10.06816 


10.068 23 
10.06831 
1006839 


10.0846 
10.068 54 


1006862 
16. 06869 
10 06877 


10.0688 5 
10. 06893 


10 06900 


10. 06908 


10. 06916 
10.6923 


10.288 76 


10. 28795 
10. 28774 
10.28753 
10.28732 


10 28711 
10. 28690 
10. 28669 
10. 28648 
10. 28627 


10. 28607 
10.28586 
10.28565 
10.28544 
10.285623 
10. 28502 
10.2848 1 
10. 28461 
10. 28440 
10. 28419 
10. 28398 
10.28378 
10.28357 
10. 28336 
10. 28315 


10.28295 
1028274 


10.28233 
10.28212 


2 Degrees. 


dM. ES 


ti th a» 
— — — 
f — * , v — 


10.282563 


10 
28192 — 
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Tangents, and Secants. 


31 Degrees. 


- 
2 — r 1 W «ESE 462. = Y " i FY 


* 


39127294 


49 9.72198 


WE 


— 


Sine. 


9.71809 
971829 
9.71850 
9.71870 
9.71891 
9.71911 
971932 
971953 
9.71973 


972014 
972035 
972055 
972075 
9.72096 
9.72116 
972137 
972157 
972177 


9.72218 
972239 
972259 
9.72279 
9.722299 
9-72320 
972340 
9.72300 
9.72381 
9.72401 
9-7 2421 


9.93077 
9.93009 
9.93061 
9.93053 


Tang. 


9-93940 [9-73545 


993038 
9.93030 
9-93022 
993015 
9.93007 
992999 
9.92991 ö 
992983 
9.92976 
9.929683 
9.92900 
9.92952 
9.92944 
992936 
22229229 
9.92921 
9.92913 
9.92905 
9.92897 
222889 
9.92881 
992874 
9.92866 
9.92858 
9.92850 


9.79015 
9.79043 
9.79072 
9.79100 
9.79128 
9.79150 
9.79185 
9.79213 
9.79241 
979209 
9.79297 
9.79326 
9.79354 
9.79382 
9.79410 
9.79438 
9.79466 
9.79495 
9.79523 


222522 


922284 


Sine. 


9 


1021268 
10.21240 


10.212111 


10. 21183 
1.21155 


10. 21126 
10. 21098 
10. 2 1070 
10. 21042 
10-21013 


10. 20985 


10. 20957 
10. 20928 


1 0.20990 
10. 20872 


10. 20844 
10. 20815 
1020787 


10. 20759 
10. 20731 


10. 20503 


10. 20674 
10. 20646 
10. 20618 
10. 20590 


10. 20562 
10420534 
10.20505 
10.20477 


9.7955 1010. 20449 
10. 20421 


Tang. 


| 


Ge. | 


10,00923 
10,0693 1 
10.06939 
10. 06947 


0.06954 
10. 06962 


0.6970 
10. 06978 
10. 06986 
10 06993 


10,07001 
10 07009 
10.07017 
10.07025 
10.07032 
10.07040 
10.07048 
10.0756 
10 07064 
10.0701 


10,07079 


10,C7087 
10,07095 
10,07103 
10,07111 


10407118 
10.07126 
1007134 
10.07142 
10,07150 
10,07158 


10.28492 
10,28171 
10,28150 
10.23130 
10. 28 109 


10. 28089 
10. 28068 
10. 28048 
10. 28027 
10. 28007 


10. 27986 


10. 27966 
10.7945 
10.27925 
10. 27904 
10. 27884 
10.27863 
10.27843 
10. 27823 
10. 27802 


10.27782 
10.27762 


10.2774 


10. 27721 
1027701 


10.2768 


10. 27660 
10. 27640 
10.27620 
1027599 
18.2229 


| Secant. 


58 Degrees. © 


— — 


* 


14 


* 9 
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I Table of Artificial Sines, 


+ 


Sine. 


9.72421 
9.72441 
9.72401 
9.72482 
9.72502 
9.72522 
9.72542 
9.72562 
9.72582 
9.7 2602 
9.72623 
9.72643 
9.72663 
9.72683 
2272283 
9.72723 
9.72743 
9.72763 
9.72783 
9.72803 
9.72823 
9.72843 
9.72863 
9.72883 
9.22902 
9.72922 
9.72942 
9.72962 
9.72992 
9.73002 


9.73022 De 


9.92842 
9.92834 
9.92826 
9.92818 
9.92810 


9.92803 
9-92795 
9.92787 
992779 
9.92770 
9.92703 
992755 
9.92747 
992739 
922281 
992723 
992715 
992707 
9.92699 
9.92691 
9.92683 
9.92675 
9-92667 
9.92659 
9.9265 1 
9.92643 
9.92635 
9.92627 
9.92619 
9.92 611 
9: 29:02 


A Tang. 


9.79579 
9 79607 
9.79635 
9.79963 
9.29501 
9.79719 
9.79747 
9.79776 
9.79804 
9.29832 
9.79860 
9.79888 
9.79916 
9.79944 
9.79972 
9.80000 
9.80028 
9. 80056 
9.80084 
9.80112 


9.80140 
9.80168 
9.80196 
9.80223 
9.8025 1 


9.80279 
9 80307 
9 80335 
9.80363 
9.80391 
9-80419 80419 


32 Degrees. 


10. 20421 


10. 20393 
10. 20365 


10. 20337 


10 20309 


10. 2028 
10. 20253 
10. 20225 
10. 20196 
10. 20168 


10. 20140 


10.2012 
10. 20084 
10420056 
10.20028 


10. 20000 


10. 19972 


1.19944 
10.1991 6 


10 19888 


10.19860 


10.19833 
10. 19805 


1019777 


10.19749 


10.19721 


Secant. 


10.07158 
10.07166 
10.07174 
10.07182 
10.07190 


10.27579 


10.275${9 


10.27539 
10.275118 


10.27498 


10.07193 
10.07205 
10.07213 
10.07221 
10,07229 
10.07237 
10.07245 
10.07253 
10. 07261 
10.0769 
10.07277 
10.07285 
1007293 
10.0730 
10.07309 
10.075317 
1007325 
10.07333 
10.07341 
10.07349 


10,07357 
10.07365 


10.07373 
10,07381 
10,07389 
1007397 


| 


10 27478 
10. 27458 
10. 27438 
10. 27418 


10. 27398 


10.27378 


10.27357 
10-27337 
10.273 [| 7 
1027297 


— — 
1027277 


10.27257 
10.27237 
10.27217 


10.27197 


1027177 


10 27157 


10.27137 
10.27118 


10. 27098 


10. 27078 
10. 27058 
10. 27038 
10. 27018 


10. 26998 


10 26978 


Secant. 


* Degrees. 
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Tangents, and Secants. 


—— 


32 Degrees. 


30 


973200 


$19-73513 


9.73022 | 


3119-73942: 9.92595 


þ 


9.73121 
9.73140 
9.73160 
9.73180 
9-73219 
9.73239 
9.73259 
9.73278 
9.73298 
9.73318 
9.73337 
9.73357 
9.73377 
9-73390 
9.73416 
9.73435 
9.73455 
9.73474 
2:13494 


9-73533 
9-73553 
9.73572 
9.73591 


9.22570 


9.92603 
9.92587 


9-92571 
9-92503 
992555 
2.2542 
9.92538 
292330 | 
9.92522 
9.92514 
9-92505 
9-92498 
9-92490| 
9.92432 


9.92441 
9.92433 
9.92425 


9.92401 
9-92392 
992354 
9-9237 

9.92367 


9:73611 


Sine. 


— 


9.80669 


9.92474 |9-80864 
9.92465 9.80892 
992457 9˙80919 
9:92449, 9259947 
9.80975 
9.81003 
9.81030, 10.18970 

10.1 8942 


9.924169. 
10.18914 


9.92408; : 


Tang. 


9.80419 

9.80447 
9.80475 
9.80502 
9.80530 
9.80558 


9.80586 
9.80614 
9.80642 


9.80697 


10.19581 


10.493029 
10.195 26 
10. 19498 
18.194289 


n 


10.073907 
10. 07405 
10. 07413 
10.07421 


10.07429 


10.19442 
10.19414 
10.19386 
10.19359 
10.19331 
10.19303 
10.19275 


10.19247 
10.19220 


10.19192 
10.19164 
10. 19136 
10. 19108 
10. 19081 


10. 19053 
10. 19025 


10. 18998 


10. 18887 
10. 18859 
10.18831 
10. 18804 


10. 18775 
10. 18748 


Tang. 


10. 07437 
0.07446 
10. 07454 
10.07462 
10.07470 
10.07478 
10.07486 
10. 07494 
10.07502 
10.07510, 


10.26978 
10.26959 
10,26939 
10.26919 
10.26899 


10.26879 
10.26860 
10. 26840 
10. 26820 
10. 26800 


10. 26781 
10. 26760 
10. 26741 
10. 26722 
10. 26702 


10.097518 


10.075 27 
10.075 34 
10.07543 
10.07551 


10.07559 
10.07567 


10.07575 
10.07584. 
10.07592 


10.26682 
10.26663 
10.26643 
10. 26624 
10. 26604 


10. 26584 
10. 26565 
10. 26545 
10. 265 26 
10. 2650 


10. 7600 
10.07608 
10.07616 
10.09625 
10.07633 


10.07641 


10.26487 
10. 26467 
10.20448 
10. 26428 


10. 26409 
— 


Secant. 


57 Degrees. 


— 
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A Table of Artificial Sines, 


33 Degrees. 


= 
Own 


22 


Sine. 


9.73610 
9.73630 
9.73650 
9.73669 
9-73689 
9.73708 
9.73727 
9.73747 
9.73766 
9-73786 
9.73805 
9.73824 
9.73843 
9.73863 
9.73882 
9.73901 
9.73921 
9.73940 
9.73959 
973978 
9.73998 
9.74017 
974036 
9.74057 
9:74974 
9.74093 
9.74113 


9-92359 
9.92351 
9.92343 
9.92335 
9.92326 
9.92318 
9.92310 
9.92302 
992293 
9.92285 
9.92277 
9.92269 
9.92260 
9.92252 
9.92244 
9.92236 
9.92227 
9.92219 
9.92211 
9.92202 
9.92194 
9.92186 
992177 
9.92169 
9.92161 


9.92152 
9-92144 
9.92136 
9.92127 
9.92119 
9.92111 


Tang. 


— — 


9.81252 
9.81279 
9.81307 
9.81335 
9.81362 
9.81390 
9.81418 
9.81445 
9.81473 
9.81500 
9.81528 
9.81556 
9.81583 
9.81611 
9.81638 
9.81666 
9.81693 
9.81721 
9.81748 
9.81776 
9.81804 
9.81831 
9.81859 
9.81886 


9.81913 
9.81941 
967038 
9.81996 
9.82023 
9.82051 
9.82078 


— 


10. 18748 
10. 18721 
10. 18693 
10. 18665 
1018638 


10. 18610 
10.185882 
10.1855 5 
10.185 27 
10. 18500 


10. 07682 


10.075690 
10.075698 


10.0706 
— 


Sine. 


10. 18472 
10. 18445 
10.1847 
10. 18389 
10. 18362 


— — — — 


10. 18334 
10. 18307 


10. 18279 


10.1885 2 
10. 18224 


10. 18197 
10. 18169 


10. 18142 
10.187114 


10. 18087 
10. 18059 


10. 18032 


10. 1 8004 
10. 17977 


10.0723 
10.07731 


19.07740 
10.07748 


10.9775] 
10.0765 


10.907773 
10.07781 
10.07789 
9.07798 
.07806 
10.07814 
10.07823 
10.07831 


10.07839 


10.07848 
10. 7856 
10. 07864 
1007873 
10.0788 


10.97889 


*. 


10. 26195 
10. 26176 
10. 26157 
10. 26137 
10.26118 
10.2 

age 
10. 26060 
10.26041 
10.26022 


10.26003 
10.25983 


10. 25964 
28.595 


10.295926 


10,25907 
10.25388 


10.25868 
10.25349 
10.25830 
10.25811 


| Secant. * 


* 


— 


40 


e 


Tangents, and Secants. * 


r 


33 Degrees. 


— 
I 


32 
33 


= 

39,9.7418919.92111 
3119.7420819.92102 
27427 992094 
f 


69.744939. 91976 
89.745319. 91959 
4219:7454919:91951 
19-7450819-91942 


5419-74044[9-91908 


Sine, 


9.7424619.92086 
9.74205 [9.92077 
9-74284 [9-92004 
9.74303 [9-92060 


9.74341 [9-92044 
9.74300 [9-92035 
9-7437919-92027 
9.74398 [9-92018 
9.74417 19-92010 
9.74436 [9-92002 
2:7445519:91993 


9.74474 19-91985 
9-7451219.91908 


9.74322 9.920529. 


Tang. 


9.82352 
9.82380 
9.82407 
9.82435 
9.82402 
9.82489 
9.82517 
9.82544 
9.82571 


9.74537 19:91934 
9.7400619.91925 
9.7462519.91917 


9.7406219.91900 
9.74681 19.91892 
9-7470019-91883 
9:7471919-91874 
9-74737 [9-91 866 
9:7475019-91857 


Sine. 


_ 


2599 
82626 
9.82653 
9.82681 
9.82708 
9.82735 
9.82762 
9.82790 
9.82817 
9.82844 
9.32872 
9.82899 


10.17922 


10.17894 
10.17867 


10.17839 
10.17812 


10.17785 
10.17757 
10.17730 
10.17702 
10.17675 
10.17648 
10.17620 
10.17593 
10.17565 
10.17538 
IO.17G11 


10. 17483 
10. 17456 


10. 17429 
10. 17401 


10.147374 


19.177477 
10. 17320 


10. 17292 
10. 17265 
—. — 
10.17238 
10.17210 
10.17183 
10,17156 
10.17129 
10.17101 


|_ Tang. | 


| Secant. 


10.07889 
10.07898 
10.07906 
10.07914 


10.07923, 


10.07931 
10.07940 


10.07948 
10.07956 


10.07965 


10.07973 
10.07982 
10.07990 
10.07999 
10.08007 
10.08015 
10,08024 
10.08032 
10.08041 
10.08049 


10.08058 
10.08066 
10.08075 
10.08083 
10.08092 
10.08100 
10.08109 
10.08117 
10.08126 
10.08134 
10.,08143 


IS 


10.25811 


10.25792 
wax 17, 
10025754 
1025735 
10.25716 
10.25097 
10.25678 
10.25659 
10.25040 
10.25621 
10. 25602 
10. 25583 


10.2854 
10.255 26 
10. 25 50% 
10. 25488 
10. 25469 
10.2541 
10. 25432 
10.2413 
10.25394 
ROSS ITS 


10.25356 
10.253381 


10. 25319 
10. 25 300 


10.2528 
10. 25263 
10-25244 


1 Secant. | 


10. 25 564 


36 Degrees. 


: 


IO 
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A Table of Artificial Sines, 


0 


34 Degrees. 


8 ele 


| 


9.74943 
9.74962 
9.7980 
9.74999 
9-75017 
9.75036 
9.75054 
9.75073 
9.75091 
9.75110 
9-75128 
9-75147 
9-75165 
9.75184 
9-75202 
9.75221 


9.91857 
9.91849 
9.91840 
9.91832 


9-7453119- 9.91823 


9.91815 
9.91806 


9.91798 


0619-91789 


991781 
991772 
9.91763 
991755 
9.91746 
22229 
9.91729 
9.91720 
9.91712 
9.91703 
9-91695 
9.91686 
9.91677 
9.91669 

9.91660 
9.9 91651 
991643 
9.91034 
9.91625 
9.91617 
9.91608 


9-21599 


Sine. 


| Tang. 


9. $2899, 10. 17101 


9.82925 


9.82953 
9.82981 


10. 17074 
10. 17047 


10.1700 


9.83008 10. 16992 


9. 9.83035 10.1695 
9.83002 10. 16938 


9.83089 
9.83117 
283144 


9.83225 
9.83253: 


| 


10.16911 
10.16884 
10.16856 


9. 9.83171 10. 10.16829 
9. 33198 10. 16802 
10. 16775 


10. 16748 


9. 83280 10. 16720 


9.83307; 10. 


9.83334 
9.83361 
9.83388 
9.83415 
9-33443 
9.83470 
9.83497 
9.83524 
283 
9.33578 
9.83605 
9.83632 
9.83659 
9.83686 


— 


10. 16693, 


10.16666 
10.16639 
10.16612 
10. 16585 
10. 16558 
10. 16530 
10. 16503 
10. 16476 
10.1644 
10.164022 
10. 16395 
10. 16368 
10. 16341 


10. 16314 
10. 16287 


Tang. 


Secant. 


—ů—ů— — — 


10.08 143 
10.081151 
10.08 160 
10.08168 
10.08177 


10,08185 
10.08194 
10.08202 
10.08211 
10.038220 


10.08228 
t0.08237 
19.08245 
Ae +4 
10.08262 


10.08271 
10.08250 
10.08288 
10.08297 
10.0830; 
08314 
10.08322 
10.08331 
10.8340 
10.083 49 
10.083857 
10. 08366 
10.083755 
10.08383 
10.08392 
10.08401 


10. 2485 


10.258244 
10.252235 


10. 25 206 


10.25 188 
10. 10.5169 
10. 25150 
10.251132 
10.251113 


10.25094 
$9:25920 


10.25057 
ro. 25039 
10.25020 
10.25001 


10.24983 
10. 24904 


10.2494 


10.24927 
10. 24981 


10. 24890 


10. 24872 
10. 2485 


10. 24816 


10. 24798 
7 | 39: 24779 


10.24761 
10.24742 


U 


* 


. - - - N 


55 Degrees. 


[ 493 ] 


Tangents, and Sccants. 


34 


Degrees. 


Wn 4739.5 


39 9.75478 75475 


9575495 
9-75514 
9-75533 
9-75551 
975509 
9.75587 
69.758505 
9.75624 
9.75642 
9.75660 
9.75678 
9.75096 
9-75714 
9-75733 
9.75751 
9-75769 
619.75787 
9.75805 
9.75823 
9.75841 
222 


1 


991599 
9-91591 


9.91582 


$19-91573 
8619-91565 


991556 
9.91547 
9.91539 
9.91590 
9 A821 
9.91512 
9.91504 
9.9495 


9. 91486 


9.91477 


Tang. 


9.83773 
9.83741 
9.83768 
9.83795 
9.83822 
9.83849 
9.83876 
9.83903 
9.35325 
9.83957 
9. 9.33984 
9. 84011 
9.84038 
9.84065 


10. 16260 
10. 16232 
10. 16205 
10. 16178 


10. 15287 


Secant. 


| 
10.08401 


10.08409 
10.08418 


10.08427 
10.08435 


10.16151 
10.16124 
10,16097 
10.16070 
10. 16043 


10. 16016 


10. 15989 
10.15962 


9. 24092; 


9.91409 
9.91460 
9.91451 
9.91442 
9.91433 
9.91425 
9.91416 
9.91307 
9.91398 
9.91389 
9.91381 
9.91372 
9-91303 
9-91354 


9-91345 


Sine. 


9:-9133019.8 


9.84119 


9.84173; 
9.84200 
9:84227; 
9.84254 
9.84281 
9: 54307} 
9.84334 
9.34361 


[10 15935 


10.15908 
10.158817 


9. 84145ʃ(10. 15854 


10. 15827 
10. 15 800 


10.15773 


10.08444 
10.03453 


10.08462 
10.08470 
10. 0847910. 
10.084488 


10. 08497 


10.085 32 
10. 08540 
10.085549 
10.085 58 
10. 08567 


10.2487 


10. 24669 


10. 24651 
10. 24632 


— 


10.24595 
10.24577 
10.24559 


10.24541 
10.24522 


10, 24490 
10.2448 

10.24467 
10.24449 
10.24431 


10.24413 
10.2439 
10.2437 


10.24358 


10.24340 


10.1879 
10. 15720 
10. 15093 
10.1566 

10. 6s 


10.08575 
10.085 84 
10.08593 
r10.08602 
10.08611 


10.15612 


10.1558; 
10. 15558 
10. 15531 
10. 15504 


TO.15477 
Tang. 


10.08619 
10.08628 
10.08637 


10.0865 5 
10,08664. 


—— 


10. 08646 


10. 24322 
10. 24304 
10. 24286 
10. 24267 


10. 24249 


10. 24231 
10. 24213 
10. 24195 
10.2477 
10. 24159 


10. 24141 


Secant. 


— 


55 Degrees. ' 
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A Table of Artificial Sines, 


I 


| 35 Degrees. 
5 Sine. Tang. Secant. 

09. 75859 9.91336 9.84523 10.144770. 08665 10. 2414160 
19.75877J9.91328 09.845 50 10. 15450 10.086720. 24123059 
29.758956 [9.91319 9.84576 10. 1542410. 0868140. 2410558 
| 319-7591319.91310{9.84603| 10. 15397 10.08690|10.24087| 57 
(£12:2593t [9:91 307 (9.846301 10-15370] 10.08099110-24069] 56 
 519-7594919-91292 9.84657 10. 1534310. 0870810. 24051055 
| 619-7590719-91283 [9.84684 | 10. 153160. 0871710. 24033054 
709.75985[9.91 2749.847110 10. 15289 10.087261 10. 2401553 
8 9.76003 9-91266,9.84738 10.15262|10.08735|[10.23997]| 52 
2 9.76021 9.91257,9-84704 10.15236 10.08743[10.23979 Ti 
10 9.91248j9-84791[10.15209110.087521[10.23961 50 
11 9.91239 9.84818 10.151820 10.087611 10. 2394349 
12 9.912309.84845 10. 15155 10.087700. 2392548 
13 9.912219. 8487210. 15128 10.087790. 2390747 
14 9.91212 9.84899 10.180110. 0878810. 2388946 
15 9.91203 9.84925 10. 1507510. 0879710. 23872045 
116 9.91194 9. S4 10. 15048 10. 0880610. 23854444 
17 9-91185 [9.84979] 10. 15021 10.088 1510. 2383643 
18 9-9117619.35 10. 14994 10.08324|10.23818] 42 
19 9.91167|9.85033|10.14968[10.08833[10.23800|41 
20 9.91775 9.85059] 10. 1494110. 0884210. 23782040 | 
21 9.911509. 85085 10. 1491410 08851 | 10.23764| 39 
22 9.9114t|9.85113] 10.148871 10.08860|10.23747] 38 
23 9.-91132[9. 85140} 10. 14860 10.08868| 10.23729] 37 

9.91123|9.85166| 10.14834|10.08877|10.23711| 56 
519. 9.91114|9-85193|10.14807|10.08886| 10. 2369335 
659. 9.91105 [9.85220] 10. 14780 10. 08895 10. 2367634 
,7634219-91096|9.85247| 10. 1475310. 08904 10. 2365833 
8 [9.76360[9.91087[9.85273| 10. 1472710. 08913 10. 2364032 
95.763789. 010789. 85 300 10. 14700 10. 0892210. 2362231 
0 [9.76395 225 9288322 10.1473 to. 8931 10.23 55130 
Sine. I Tang. "Secant. £ 

> "4 


[0495] 


Tangents, and Secants. 


35 Degrees. 


3919-7 
409. 9.76572 
4119 76590 
42 9.76607 

43 [9- 700g 
44 '9-76642 
4519+ 9.76660 
46 9.76677 
47.9. 70095 
43 9-70712 


55 9.78745 
5109.767655 
52 9. 76782 
53 9.76800 
54 9.760817 
55,9-70835 
56 9.76852 
57. 9.76870 
58, 9.76887 
59 9.75904 


9.76466[9-91033 


49 9-7672919-9 


2 9.74922[9-90796 


9.91069 


9.91060 
9.91051 
9.91042 


9 91024 
9.91014 
9.91005 
9.90996 


9 999871 925507 


9.90978 
9.90969 
9.90960 
9.90951 
9.90942 
9.90933 


| Tang. 


9.853271 10.1473 


9.85354 10.14647 


935157 


9-85434' 


9.85380; 10.14620 


10.14593 
10.1450 


| 


| 


"Tang. 


10. 14540 
10. 14513 
10. 14486 
10. 14460, 


19. 10.14433 
10. 10.14406 
10.14380 
10.14353 
10 14326 
10.14300 
10.14273 
1044246 
10. 14220 
10.14193 


10.14166 


10.14140 
10. 14113 
10. 14087 
10. 14060 


10. 14033 


10. 14007 
10. 13980 
0.13954 
10. 13927 
10. 13901 
10. Tag“ 
Tang. 


10.09058 


10.09104 


Secant. 


10.08931 
10.08940 


10.03949 
10.08959 
10.08968 
10.08977 
10.08986 
10.03995 
10.09004 
10.0901 3 
10.09022 
10.09031 
10.09040 
10.09049 


10, 09067 


10.09076 
10.0908; 


10. o9095 


10.9113 
10.091 22 


10.09131 
10.09140 
10409149 


10.09158 


10.09168 
10.09177 
10.09186 
10.09195 
10.9204 


10. 23605 
10. 23587 
10. 23569 
10. 23552 
10.23534 
10.23516 
10.23499 
0.23481 
10.23463 


10. 23446 
10. 23428 
10. 23410 
10.23393 
10.23375 


10. 23323 


10. 23305 
10.23288 


10.23270 
10.23253 
10.2323 5 
10.23218 
10. 23200 
10.23183 
10. 23165 
10.23148 
10. 23130 
10.231113 
10. 23096 


Secant. 


uk. 


LD 


% 


10.23358 
10.23340 


10.23078| 


—— 


— 


999 


[496 ] 


"A Table of Artificial Sines, 


_— 


36 Degrees. 


5 


a SSS] 
22222 


9 bene 


Tang. 


9.86126 
9.86153 


9.86179 
8]9.86206 


9.86232 
9.86259 
9.86285 
9.86312 


10.13874 
10.13847 
10.13821 


10.13704. 
10.13768 


10:13741 


10.13715 
10.13688 


10.13662 


10.13635 


10.13609 
10. 13582 
10. 13556 


10. 135 29 


10.1350 


10. 13476 
10. 13450 
10.13423 


4110-13397 


10.13370 
10.13344 
10.13317 
10.13291 
10.157264 
10. 13238 
10. 13211 
10.13185 
10.13158 
10.13132 


10. 13106 
1.13079 


Secant. 


10.09204 
10.09213 


10.09223 


10.09250 
to. ga 
to. og 26 
10. 09278 


10. 09287 


10. 09296 
10. 9306 
10.0931 5 
10. 09324 


10. 09333 


1.09343 
10. 09392 
10. 09361 


10. 09370 
10.09380 


10.093 89 
10. 09398 
10.9408 
10.9417 
10. 09426 


10. 09436 
10. 09445 
10. 09454 
10.094653 
10. 09473 
10 09482 


10.23078 
10.23061 


10.23043 
10.23026 


10.23009] 56 


10,2299t 


10.22974 
10.22957 


10.22939 
10.22922 


10. 22905 
10. 22888 


10. 22870 
10.2282 
to. 22836 


10. 22819 
10,22801 
10.22784 
10.22767 
10.22750 


10.22733 
10.22715 


10.22698 
10.22681 


10. 22664 


10. 22647 
10. 22630 
10. 22613 
10. 22595 
10.226578 
10.225861 


Secant. 8 


Tang. 


E 


„ 


1 


W 


Tangents, and Scans.” 


—— 9 


1 


9. 7039 


197455 


9.77473 
9.77400 
9.77507 


97754 
9.77558 
9.77575 
22222 
9.77009 
9. 77610 
9.77643 
9.77660 
9.77077 


9-77094 


619-77711 


9-77728 
9.7774 
9.77761 


nn bo 


19-9o0282 


990263 
19. 90254 
9.90244] 9. 


14 


9.90518 
9.90309 
9 90499 
9.90499] 
9.99450 
9:99477] 


9.90453 
9980443 


9.90424 
990415 
9.90405 


990377 
9 90368 
9.90358 
990349 
2.92332 


9.90320 
9.90311 
9.90301 
9 99293 


9.90273 


Sine. 


ö 1 * 


9 90402 8 


9.90395 | 
9-90386| 9.87290 


9.99434|9- | 
5 10.1281 5 
10.12789 


9 903309. 


1013029 


10.130953 
10. 13026 
10. 13000 


10. 12974 


19.712947 
10. 12921 


1012894 
10. 12868 
10. 12842 


10.12762 


0.12736 
10.1220 
ro. 12683 
119; 12657 


10.12631 
10.1260 


10,1257 


10,12552 
10.125235 


10.12499 


10.1247 


10,1244 


10.12420 
10,12394 
10.12307 
10.12341 
10.12315 


1.12289 
Tang. 


0. 09548 


1009576 


10. 09482 
19.09492 
10,0950T 
[0,09510 


10 09520 
19,09529 
10,.09538 


10.09557] 
10.095657 


10. 09585 
1009595 
10. 09604 
10.096614 
10. 090231 
t10.09632| 
10.09642 
10.0965 t 
10 10.09661 


10.09670 


10 09680 
10.09689 


| 


10-09708 
10,097 18 
10. 09727 
10.0973 
10. 09746 
10. 09756 
1009765 


10. 22408 
— — 


10.22323 


[1623256] 
10. 22239! 


10.22 222 


10. 09699 
10.2215 
———_—— 


10.22138 


10.225861 
10.22544|2 
10.22527 
10.225 10 


10.22493 


10. 6 


10:22459 


10-22442 
10.226235 


10.22391 


10.223741 


10.22357 we 


10,22340 


10.22306 
10. 22280 
10.2227 


to. 22205 
10.221988 
10.22171 


to. 22121 
10. 22104 
10. 22087 
10. 22071 
0.22054 


$3 Degrees.” 


— 


X K 


— —  - : 


— — — — jj Io Soo oe Rouen OS 
- 
= 
- 


1 498 ] 
— 1 Table of Artificial Sines, _ 3 
——— = _ JO OERINY 
—4 « — — Een. 
| We 2 
[5] Sine. | =] Twp - | E. — vas 5 
— Bar | $48 1 N * ds =_ 
219 7794 56 9-90235 7755 [76:13 289 [10.09765 [10.22054 [60 
2775 63 [9.9022519-87738|10.12202|t0.09775 [10:22037159 
29.779809 902169.87764 |10.12236|10.09784 |10.22020458 
-319 77997 [9-9020619.87790|10.122101[10,09794 [10.22003]57 
-+19-7501349-90197[9.87817 [10.12184|10.09803 [10.21987}56 
"519-78030[9:90187 19. 9.87843|10.12157 [10.0983 |10.21970 155) 
6 9.78047 20785 9.87869 10. 12131 10.09822 10. 2195354 
7 9.78063 [9.90168 247595 10. 1210510. 0983210. 21937 53 
89.780809 9or 599.8792210. 1207810009842 |10.21920 [52 
2 9.78097 299142 9.87948 [0.12052 lo. 09851 10. 2 1903 51 
1 9.7811319.90139 9427974 10. 1202601009861 |10.21887 5 
19781309 901309, 880 10. 12000 19;09870 10-21870 149 
19:78147 |9-90tzo019.88027 10. 11974 10:09880|10.21853148 
9.7810319.90111[9.88053110.11947|10.09889 [10,21837 471 
4 2 9:-90tor 2 1192110. 09899 10.2189 46 
10. 11895 10. 09909 10.2180 45 
10.1180g 10.09918 A 14 
10411842 10.09928110,21770143 
[10-1810 1999937, 1021754 [42 
[10.11790}1 009947 | 10,247 37 41 
10.11764[10,09957110.21720 [40] 
10,11738110,09906110.21704 139 
1011711 10. 09976 10.21687 38 
5 [10.11695[10,09986 |10.21671 [37 
[10,11659 1.09925 [10.21 654 36 
7[10,11633 1010005 110.216038 Fz5 
13110-11607 10-10015 [10.21621 [34 
10,11580110.10024 [10,21605 [33 
10.11554110.10034 1021588 32 
10. 1152810. 10044 [10.21572[31 
10. 1.4150 — 10.215550 
£4 | . Tang. 1 Secant. þ-; 
== 48 — a 9 
— — 
4 


P *ẽůmùdpF SFr . 


1499 


ſ_ Tangent and Secants.. . 


37 Degrees. 


— — ce LEES 


| 
S| Sine. | ; 


9-89947 
9.59937 
9.89927 
9.89918 
9.89908 


9.89888 
9.89879 
9.89869 
9.89858 
9.59849 
9.89840 
9.89830 
9.89820 
9.89810 

9.89801 
g 32787 
9.89781 
9-897 71 
9.89761 


9-89752 
9.89742 
5 [9.89732 
9.89722 
7 9 89712 
E 989703 
9.39093 
9.89683 
9.89673 
9.89663 
9.89653 
1 Sine. 


wy 
O0 
38 - = - = 
— 
og 
>4 
%J 
Q 


9.898989 


B 


| 
Tang. 
9.88498 
9.88524 
9.885 50 

88577 
3.88603 
88029 
9.38655 
9.88081 
9.88707 
9.88733 
9.38759 
9.88786 
9.88812 
9.88838 
9.88864 
9.88890 
9-88916 
9.88942 
9.88968 
9-88994 
9.89020 
9-89047 
9.89073 
9-89099 
9.39125 
9.89151 


9.89177 


9.89203 
9.89229 
9-89255 
9.89281 


10.1150 
10. 11476 
10. 11450 


10.11424 
10. 11397 
10.11372 
10. 11345 
10.11319 
19,11293 
10.11267 


10,11241 
10.11215 
10.11188 
10.11162 


10.11110 
10.11084 
10.11058 
10411032 
10. 11006 
10. 10980 
10. 10954 
10. 10928 
10. 10901 
10. 10875 


10. 10849 
10. 10823 


10. 10797 
10. 10771 


10. 10745 
| 


| 


10.100753 


10 10092 


10.1014ʃ 


10. 11136110. 10190 


10. 10298 


1010719 


10.10347 
Tang. 


— 


Secant. 


10. 10063 
10. 10073 
10. 10082 


10. 10102 
10. 10112 
10.101121 
10. 10131 


10.10151 
10.10160 
10.10170 
10.10180 


10.10199 
10.10209 
10. 10219 
10. 10229 
10. 10239 


10. 10248 
10. 10258 
10. 10268 
10. 10278 
10. 10288 


10. 10307 
10. 10317 
10. 10327 


10. 10337 


10.21555 
10.2139 
19.21522 
10. 21506 


10. 21490 


10. 21473 


10.21457 
10.21440 


10.21424 


10,21408 


10.21391 
10.21375 
10. 21358 
10. 21342 
10.21326 


10.21309 
10.21293 


10.21277 
10,21201 
10.21244 


10.21228 
1021212 
10,21196 
10.21179 
10.21103 


I10:21147 
10.21131 
10.21114 
10.21098 
10. 21082 


10. 21066 


Secant. 


' N = _ ²— — —— 


52 Degrees. 


— 


10 


| Min. {go Nw oe eo 


* 


2 — — +» — 


K 


— — ꝛ˙ q— — 


k 2 


= 


* 
— 


8 


— 
—— — 


1 8000 


— — 


ad 


_—— -- 


38 Degrees. 


— 


33 
— 
* 


Duff 


DI I » a> 
— 
- 


= © 


9 (hgh 


* 


— Own 


— —1 — —ä—— 


5 


th te 
2 we 


to 
— 


424 


tw HA N 
ow 08 


29 


'Þo' 


Sine. 
RT CEN 
9:78934 
978950 
978967 
9.78983 
22229 
9.79015 
947903! 
979947 
9.79063 
22229 
9.79095 
I INES 
979128 
9.79144 


19979160 


9-79176 
9-79192 


9.79208 


9.79224 
9.79240 
9.79256 
979272 
9.79288 
9.79304 
9.20320 
9.79335 
9.79351 
9.79367 
9.79383 
9.79399 


I 


9-79415 


G 
* 


9.89053 
9.89643 
9.89634 
9.89624 
9:89614 
9.89604 
9.89594 
9.89584 
9.89574 
989564 
9.89554 
9.39544 
9.89534 
9.89524 
9.8954 
9.89505 
9.89495 
9.89485 
9.89475 
282485 
9.89455 
9.89445 
9.89435 
9.89425 


989405 
9-89395 
9.39385 
9.89375 
9 89365 


Sine. 


9.89415 
9.89931 
| 


Tang. 


9.89381 
9-89307 
9.89333 
9.89359 
9.59355 
9.89411 
9-89437 
9.39463 
9.89489 
989515 
9.89547 
9.89567 
9.89593 
9.89619 
9.89645 
9.8967 1 
9.89697 
9.89723 
9.89749 
9.89775. 
9.89801 
9.89827 
9.89853 
9.89879 
9.59905 


9-39957 
9.89983 
9.90009 
9.90035 
9 9006 1 


929354 


* 
_ 
%%% 
: y 
— 


| 


— — 
10.10719 
10. 10693 


10. 10667 
10. 10641 
10. 1061 5 


0. 10589 


10. 10563 


10. 10537 
10. 10511 


1010485 


10. 10459 


10. 10433 
10. 10407 


10. 10381 


10. 10355 


10. 10329 
10. 10303 
10. 10277 
1010250 


10:10225 


10. 10199 
10.1073 
10. 10147 


10.1021 
10. ioo 


10. 0069 
10 10043 
10. 10017 
10. 09991 
10. 9965 


1009940 


Tang. 


— - a — 


—— 
10. 10347 


10. 10357 
10. 10367 


10. 10376 
10. 10386 


10. 10396 


10. 10406 
10. 10416 


10. 10426 


10. 10436 


10. 10440 
10. 10456 
10. 10466 
10. 10476 
10. 10486 


10. 10496 
10. 10506 
10. 105 15 
10.105235 


10. 10535 


N 
10. 10555 


10. 10565 
10. 10575 


1010585 
10. 10595 


10. 10605 


10. 10615 
10. 10626 


10. 10636 


10. 10646 


10. 21066 
to. 21050 
10.21034 
10.2107 
10. 21001 


10. 20985 
10. 20969 
10:20953 


10,20937 
10.20921 


10. 20905 
10. 20889 
10. 20873 
10. 208 56 
10. 20840 
10. 20824 
10. 20808 
10. 20792 
10. 20776 
10. 20760 


10.20744 
10. 20728 


10. 20712 
10. 20696 
10. 20681 
10. 20665 
10. 20649 
10. 20633 
10. 20617 
10. 20601 


10. 20585 


Secant. 


— — — 


TY 


[501 


* 


3 


Tangents, and Secants. 


38 Degrees. 


Sine. 


9479415 
9-79431 
9.79447 
9.79403 
9-79475 
9.79494 
9.79510 
9.79526 
9.79542 
9.79558 
9-79573 
9.79589 
9.79605 
9.79621 
2295255 
9.79652 
9.79668 
9.79084 
9.79699 
9.79715 
9-79731 
9-79746 
9-79762 
9.79778 
9:79715 
9 79809 
9.79825 
9.79840 
9.79856 
9.79872 


9.79887 


9-89354 
9-89344 
9-89334 
9.893 24 
9.89314 
9.89304 
9.89294 
9 89284 
9-89274 
9.39264 
989254 
9.89244 
9.89233 
9.89223 
9.89213 
9.89203 
9.89193 
9.89183 
9.89173 
9.89162 
9.89152 
9.89142 
9.89132 
9.89122 
9.89112 


| 


| Tang. 


9.90086 


9.90190 
9.90216 
9.90242 
9.90268 
9-90294 


— — — 


9.903 20 
9.90340 
9.90371 

9.99397 

9.92423 
9.90449 
9.90475 

9.90501 

9.90527 
2:99553 
9.90578 
9.90604 
9.99630 
9.90656 
990682 
9 90708 
9-907 34 
9.90759 
9.90785 
9.9081 l 


— — 


9.90061 10.6994 


19.0991 4. 


9.90112|10.09888 
9.90138]10,09862 
9-90164110,09836 


10.098 10 
10,097 84 
10. 09758 
10. 09732 
10.09706 
19.09080 
10.09654. 
10.09629 
10.09003 
10.09577 


10,09551 
10.99525 
10.09499 
10.09473 
19.9947 
10.09422 
10. 09396 
10,09370 
0.09344 
10.093 18 
1009292 
10.09 266 
10. 09241 
10.0921 5 
10 09189 


$9297 


Tes 


2 


10. 10646 
10. 10656 
10. 10666 
1010676 
1010686 
10. 10696 
10. 10706 
10. 10716 
10. 10726 
1010736 
10. 10746 


10 10757 
10. 10767 


10 10777 
10. 10787 


10. 10797 
10. 10807 


10. 10817 
1010827 
10. 10838 


10. 10848 
10. 10858 
10. 10868 
10. 10878 
10. 10889 


10. 10899 
10. 10909 
10. 10919 
10 40929 
10.10940 
10.10950 


Tang. 


| 


10. 20585 


10. 20569. 


10. 205 53 
10. 20537 


10 20522 


10. 20506 
10. 20490 
10. 20474 
10. 20458 
10. 20443 
10. 20427 
10. 2041 


10. 20395 


10. 20379 
10. 20364 
10. 20348 
10. 20332 
10 20316 
10. 20301 
10. 20285 


10. 20269 
10. 20254 
10. 20238 
10. 20222 
to. 20207 


10. 20191 
10.20175 
10. 2016⁰ 
10. 20144 
10. 20128 
10. 20113 


Secant. 


51 Degrees. 


10 


_ * * 


— 
* 


OY 


K k 3 


* = + 


: 


| Min. o — 6 0 \O 


——— ——_ LIE 
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" * * 
LE. 
* 


= Table of Artificial Sines, 


_— 


ä — 


— 


„ 


5 IO ww own [+ ws ol N 


9.79887 
9.79903 
9.79918 
9.79934 
9:79950 
9-79965 
9.79981 
9.79996 
9.80012 
9.80027 


9.80043 


9.90074 
9.80089 
9.80105G 


9.80129 
9.89136 
9.801 

9 80185 
9.80182 


9.80197 
9.80213 


9. 80228 
9.80244 
9.80259 


— —— 


9-80274 
9.80290 | 
9.80305 | 
9.80320 
9 80336 


— . . 


9.80058 


| 


99352 [2 


Tang. 


9.890409 90863 
9.890309 90889 
9.890209. 90914 
9-3900919-90940 
9.88999 9-90966 
9.83939 [9.90992 
9.5897919-91018 
9. 2 9.91044 
9.8895819.91069 
9.8894819.91095 
9-8893719-91721 
9.8892719.91147 
9.89917 9.91172 
9-8890619.91198 
9. 9.88896 9.91224 
9.8888619.91250 
9.8887619.91276 
9.88865 [9 91301 
9.8885519 91327 
9.88844 [9.91353 
9:8883419.91379 
9-88824 [9.91404 
9-8881319.91430 
9-88803 9.91 456 
9-88793[9-91482 
9.88782 [9.91508 
9.887729 91533 
9.88761 [9.91559 
9.8875119.91585 
9. 88741 9-91610} 


— — —— 


9.89050 9.90837 


10.09163 
0.09137 


10. 09034 
ro0.09008 
10.08982 


ro. 08957 
10. 08931 I 


10.0890; 
10.08879 


10.08853 


10.08828 
10.038802 


10.08776 
10.087 50 
to.08724 
10.08699 
10.98673 


10.08647 
10.08621 
10.08596 
10.08570 
10.08544 
10,08518 
10.08493 
10.08467 
10.0344 1 
10.08415 
10. 08390 


Tang. 


boo — 


0 
0. 10970 
o. tog 8 
10. 10991 
10. 11001 
10. 11011 
10. 11022 
10. 11032 
10. 11042 
10. 11052 
10. 11063 
10. 11073 
10. 11083 


10.110 94 


10. 11104 
10.11114 
1011125 
10.11135 
I0.11T45 


10.11156 
10,11166 
10.11176 
10.11187 
10.11197 


10,11207 
10.11218 
10.11228 
10.11239 
19.11249 
10.11259 


1 1 


10. 20051 


10.1989 5 


10.201 13 
10.20097 
10. 20082 


10.20066 


10.2003 5 
10. 20019 
10. 20004 
10. 19988 


10.19973 
10.19957 
10. 19942 
10. 19926 


10. 19911 


10. 19880 
10. 19864 


10. 19849 


10.195834 
10. 19818 


10.1974 


1.19549 


10. 19803 
10 19787 
10.19772 
10. 19756 


10. 19726 
10. 19710 
10. 19695 
10. 19680 
10. 19664 


Secant. 


| a Bias. * 


f 503-11 "A" 


Tangents, and Secants. 


39 Degrees. 


Tang. 
9.91619 
9.91636 


9.91662 
9.91688 


8699 [9:91713 


9:91739 
9.91765 
9.91791 
9.91816 
9.91842 
9.91868 
9.91393 
9.91919 
9.91945 


9.88594 [9 91971 


9.91996 
9.92022 
9.92048 
9.92073 


. 


9.92125 
9.92150 


9.92176 


9.92202 
992227 


992253 
992279 
992304 
9.92330 
9.92356 
9.92381 


Z 


10.08390 
10.08364 
10.08338 
10,08312 
10.08287 


10.03261 
10.08235 
10.08209 
10.08 184 
10. 08158 


10.08 132 
10. o8 107 
10. 08081 
o. o805 5 
t0.08029 


10. 08004 
10.007978 
10.7952 
10,07927 
10.07901 


10.07875 
10.07850 
10.07824 
1007798 
1.07273 


10. 07747 
10.07721 


10.07696 
10.07670 
1007644 
10.075619 


Tang. 


8 * 


10. 11259 
10. 11270 
10. 11280 
10. 11291 
10. 11301 


10. 11312 
10. 11322 
10. 11332 


10. 11343 
1011353 
10. 11364 
10 11374 
1011385 
1011395 
10. 11406 
10.114116 
10. 11427 
10. 11437 
1011448 


10. 11469 


10.1147 
10. 11490 
10.115001 
10.1111 


10.11522 
10.11532 


IO-11543 
10.11553 
10.11564 


10.11575 


: 


* p : 
\ 


10.1964 
10. 19634 
10. 19618 
0. 19603 
10.195688 


10.19572 
10.19557 


10,19542 
10:19527 
10.195ʃ1 


10. 19496 
10. 19481 


10.1946 
10. 19451 
10-19435 
10.19420 
10.19405 
10.1939C 
10.19375 
10:19359 


10.193 44 


10.19329] 


10.19314 


10. 19299 
10. 19284 


10. 19269 
1019254 


10. 19239 
10.19223 


10.19208 
10,19193 


| Secant, | 


73 Degrees. 


IO 


— 


Min. oO ales 


— 


6—ͤũ . a —_—_— 


| 


Kk4 


— 


o 
6 
1 
: h 
. 
15 
J 


* A © * - 8 : _— r. 
AY > * [- 504 


\ 


— -- 


A Table of Artificial” Sines, * 
I Tang. 825 | 


* 7 yo — 


— 3 


— 


- 


— 
: 


N 


— 


« K ww oo * 


ZS = © Io ww ow [4 


— 
— 


* 0 0 


1 1 1 r 1 


9.80822 


Wee 
9.80882 
9.80897 
9.80912 
9.30927 
9.8094 2 

9.80957 
5.80922 
9.80987 
9.81002 
9.81017 
9.81032 
9.8 047 


— 


9.81076 


9.81121 


9.81180 
9.81195 
9.81210 
9.81225 
9.81240 


9.8087 


9.80852 


978106109 


9-81091 9. 
9.811069. 


9.811369. 


9.81151 9. 
9.811669. 


9.31234 


9.88425 
9.38415 


9.80837, 9.88404 


— — 
9.92381 
9.92497 
9:92433 
9-92458 


19-92454 


9-92510 
9-92535 
992551 
9.92587 
99251 2 
9.92638 
9.92663 
9.92689 
9.92715 


9.93022 
9.93048 
993073 


6 9.93099 


9 93124 


[9:93159 


— | . | 
10.97619 


19,97593 
10.07567 


10.007542 
10.075 16 


19.07490 
10.07465 
10.07439 


10.07414 
10.07388 


10. 07362 


10.0733 
10.07311 


10.0728; 


10.0760 


10. 07234 
10.7209 
10.057183 


10.07157 


10.057132 


10. 07106 
10.7080 
10. 07055 
10. 9g 
10. 


10. 06978 
10.0695 2 
10.0692 
1006901 
10. 06876 
10. 68 


ö Lang. 


10.11575 
10.11585 
10.11596 
10.11606 
10.14617 


10,11628 
10.11638 
10.11649 
10.11660 
10.11670 


10.11681 
10.11692 
10.11702 
10.11713 
10.11724 


10.11734 
I0.11745 
10.11754 
10.11766 
1011777 
10.11788 
10.11799 
10. 11809 
10. 11820 
10.11831 
10.11842 
10.11852 
10,11363 
10.11874 
10.1188; 
10. 11895 


10. 19193 


10.19178 
10.19163 
10.19148 
10.19133 
10.19118 


10.19103- 


10. 19088 
10. 19073 
10. 19058 
10.9043 
10. 19028 
10. 19013 
10. 18998 
10. 18983 
10. 18968 
10.1895 4 
10.18939 
10. 18924 
10. 18909 
1.18894 
10. 18879 
10.18864 
10.18849 
10.1883 5 
10. 18820 
10. 18805 
10. 18790 
10. 18775 
10. 18760 
10. 18746 


Secant. 


#4 i 


49 Degree. 
— - 


[ 565 Þ 


. > of 


Tangents, and Secants. 


40 — 


9.88106 


3 


Tang. 


9 5809 
9.88083 


9.87942 


9.87931 
9.87920 
9.87909 


9.5 9.87898 


9. 9.87888 
9.87877 
9.87866 
9. 37855 
9.878 [244 
9.87833 
9. 87822 
9.87811 


519.87800 
9.87789. 


9.8 9.87778 


Sine. 


9-93150 


49.9326 


9. 93201 
9.93227 
9:93252 
9.93278 
9.93303 
9.93329 
9.93355 
9.93406 
9.93431 
9.93457 
9.93482 
9.93508 
9.93533 
9.93559 
9.93584 
9.93610 


10.068 50 
10. 06825 
10. 06799 
10.067573 
10. 06748 


10.067 22 
10. 06697 
10. 06671 


10. 06646 
10. 06620 


0.06594 
10. 06569 
10. 06543 

10.065 18 
10. 06492 
10. 06467 
10. 06441 

10. 06416 


10. 06390 
10. 06365 


9.93636 
7888 9.9 93661 
'9 93087 
'9-93712 
9 -93738 
9.93703 


993789 
9.93814 
9.93840 
9.93865 
9.93891 
P 


10. 06339 
1006313 
10.062889 
10. 06262 
1006237 


10.062111 
10. 06186 
10. 06160 
10. 06135 
10.06109 


6|10.06084 


| Tang. 


10.11939 


10. 11950 
10. 11900 
10.11971 
10. 11982 


10. 11993 

10. 12004 
10. 1201 5 
10. 12025 
10. 12036 
10. 12047 


10. 12058 
10. 12069 
10. 12080 
10. 12091 
10.121022 


10. 12113 
10.12123 
10.12134 
10.121455 
10. 12156 


10.12167 
10.12178 


10.12189 


10. 122000 
10.112211 
10.12222 


10.178745 


10. 18731 
10. 18716 
10. 18701 
10. 18687 


10. 18672 
Ro 18657 
10. 18642 
10. 18628 


10.1861 3 


10.18598 
I10.18583 
10. 18569 
10.18554 


10-18539 


IO.18525 
10.185 10 


10. 18495 
10. 18481 


10. 18466 


10. 1845 2 
10.18437 
10. 18422 
10. 18408 


10. 18393 


10. 18379 
10.18364 
10. 18349 


10.1833 
10. 18320 


10. 18306 
Secant. 


49 Degrees. 


IO 


Min. l 5 % 0 ws 4 hi Fans ww 


| Abe 3 7 506 I 0 


— 


T_T Tac Arc Sins, 


ö 


m — * MD th. ” — 


Sine. | | Tang. | | Staat. [ 


* 


9.8169 49.877778 [9.93916 10. 0608410. 1222210. 1830660 
9.81709 9.87762 9.93942 10. 0605810. 1223310. 1829259 
9.81723 9.87756 9.93967 10.060330. 12244410. 1827758 
9.81738 9.87745 [9.93993 10.0600 10. 1228510. 1826257 
9.817282 9.87734 9.94918110,0598210.12206| 10. 1824866 


— — — — — — 


9.91767 9.87723 9.940410. 0595610. 12277 10. 18233055 
9.817819.87712 9.94009 10. 0593110. 12288 10.182194 


9.81796 9.87701 9.94095 10.050905 10. 12299 10. 1820453 
9.81810 9.87690 9.941 20 10. 0588010. 12310 10. 1819052 
9.81825 9.87679 9.94146 10.058540. 12321ʃ10. 1817551 
9.81839 9.87668 9.947110. 0582910. 1233210. 1816150 
119.81854/ 9.87657 9.94197 10. 0580310. 12343110. 1814649 
12 9.81868 9.87646 9.94222 10. 0577810. 1235410. 1813248 
131981883 9.87635 9.942480. 05752 10.12365 io-1Sg 6147 
1419-81897] 9.87624 [9.94273] 10.0572 10.237610. 18103 
i519-81911|9.8761319-942991] 10.057010. 1238810. 1808945 
169.8926 9.87601 [9.94324] 10.056676 10. 1239910. 1807444 
1719.819409.87590 9.94350 10. 0565010. 1241010. 1806043 
189.879559.87579 9.94375 10. 0562510. 12421 10. 1804642 
19 9.81969 9.87568 9.944010. o reg 10. 1243210. 1803141 


— —ů— 


2019.819830 9.87557 9.94426 10.055740. 1244310. 1801740 

119.8998 9.87546 9.94452 10. 055481012454“ 10. 1800239 
2 9.82012 9.87535 9.94477 10. 0552310. 12465 10. 17988038 
239.82026 9.87524 9.94503 10. 5497 10. 12476110. 1797437 
24|9-8204119-87513[9-94528|10.05472|10.12487|10-17959 36 
5 9.820559.87501 99454/105447 10, 12499%%1·1794535 
26 9.82069 9.87490 9.94579 10.054210 10. 125100 10. 17931034 
27 9.82084 9.87479 9.94605 10.05396|10.12521 10. 1791633 
289. 82098 9.87468 9.94630 10.053700 10. 12532010. 17902032 
29 9.82112 9. 874579 9465510. 05345 10. 1254310. 1788831 
222228109 1411282425 
| Sine. "Tang. | Secant. 
| 1 48 Dayyers. | 


—— — cam. 4 —_— 


as 


S 


0 


Xr 


[ 7] 


* 


"= 
ws * 


7 


Tangents, and Secants. 


41 Degrees. 


9.82127 
9.82141 
9.82155 
9.82169 
9.82184. 
9.82198 


619.82212 


9.82226 
9.82240 
9.32255 
9.82269 
9.82283 
9.82297 
9.82311 
9-82326 
9.82340 
9-32354 
9.82368 
9.82382 
2222. 


9.8742 


9.87446 
9.87434 
9.87423 


9.87401 
9.87390 
9.87378 
9-87307 
9.87356 
9:37345 
9.57334 
9.87322 
9.87311 
9.87300 
9.87289 
9.87277 
9.87266 
9.87255 
9.87243 
9.87232 
9.87221 


Tang. 


9.94681 

9.94706 
9.94732 
9.94757 
9:94783 
9.94808 
9.94534 
9.94359 
9.94884 
9.94910 
9.94935 
9.94961 
9.94986 
9.95012 
22832 
9.95063 
9.95088 
9.95113 
9.95139 
922854 
9.95190 


9.87209 
9.87198 
9.87187 
9.87176 
9.87164 
9-87153 
9.87141 
9.87130 
9.87119 


51 [9.87107 
Sine. 


995215 
9.95240 
9.95266 
22822 
995317 
995342 
9.95308 
9-95393 
9.95415 


9:95444 


10.05319 
10.05 294 
10:05 268 


10.05243 
10.05217 


Secant. 


10.125 54 
10. 12566 


10. 12577 


10. 12588 


10. 12599 


10. o5 192 
10.05 166 
10. o5 141 
10. or 116 
10. og ogo 
10.0506; 


10.05039 
10.05014 


10.04988 
10.04963 
10.04938 


10.0491 2 


10.04887 
10.04861 
10.04836 


10.12610 
10.12022 
10.12633 
10.12644 


10.12655 
10.12667 
10.12678 
10.12690 
10.12700 
10.12712 


10.12723 


10.12734 
10.12745 


10.12757 
10.12768 


10.04810 
10.04785 
10.04760 


10.04734 
10.04709 
10.04683 
10.04658 
10.04633 
10.04607 
10.04582 
10.04556 


Tang. 


10.12779 
10.12791 


10.12802 
10.12813 
10.12825 


10.1 2836 


10.12847 
10.12859 
10. 12870 
10.12881 
10.12893 


10.17874 
10.17859 


10.17845 


10.17831 
10.17817 


10. 17802 


10. 17788 


10.177714 
10. 17760 


10.17745 


10.17731 
10.17717 


10.17703 
10.17689 


1047674 
10. 17660 
10. 17646 
10. 17632 
10. 17618 
10. 17604 


10. 17590 
10. 17576 
10.17561 
0.17547 


1017533 


10. 17519 
10. 17505 
10. 17491 
10.1777 
10. 17463 
10.174409 
Secant. 


48 Degrees. 


— 


Min. E — wa een lens W\O 


—_ 


10 


_—_ 


ll. 


* 


1 
4 
J 
J 


| F 5081 


— 
— 


A Table of Artificial Sines, 


WT 


9.87090 


I ME 


9.5 87062 


0 Own 


9.87005 


= 


9.82872 | 
9.8 82886 9.8 


9.52899 
9.82913 
9.82927 
9.82941 
9.82955 
9.82968 


= 


1 


Tang. 


—— — — 


9.87107 9.95444 
3 -95409 
9. - tech 9-95495 
9. 87073 9.95520 
219-95545 
9. 9.87050; 9. 95571 
9.87039'9-95596 
9. 87028; 9.95622 


9. 87016 +4 95647 


995072 
9.95598 
9.95723 
9.95749 
9.95774 


9.95799 


9.95825 
9.95850 
9.95875 
9.95901 


682.9925925 


9.95952 
9.95977 
9.96002 
9.96028 
9.95053 


42 Degrees, 


10.04556 


10.04531 
10.04505 
10.04480 
10.0455 
10. 04429 
10. 04404 
10. 04379 


10. 04353 
10. 04328 


Secant. 


10. 12893 
10112904. 
I0.12915 
10.12927 
10:12938 


10.12950 


10.12961 


10.12972 
10. 12984 


10.12995 


10. 04302 
10.04277 
10.04252 
10.04226 
10.04201 


10.04175 
10.04150 
10.04125 
10.04099 
10.04074 
10.04048 
10.04023 


10.03998 
10.03972 


10.03947 


9.96078 


9.96104 


9.96129 
9.90155 
9.96180 
9.96205 


| 


10.03922 
10. 03896 


1003871 


10.038460 

10. 03820 

18.837989 
Tang. 


| 


10.13053 


10.13102 


10.13007 
10.13018 
10. 13030 
10. 13041 


10. 13064 
10. 13076 
10. 13087 


10. 1 3099 
10. 13110 


10.13122 


10.13133 
10.13145 
10.13156 
10.13168 


10.13179 
10.13191 


10.13214 
10 13225 
10 13237 


10. 17309 


10. 17267 


10.174409 
1017435 
10.17421 
10.17407 
10.17393 


10.17379 
10. 17365 
10. 17351 
10.17337 


10.17323 


10.17295 
0.17281 


10-17453 
10. 17239 
10. 17226 
10.17212 
10. 17198 
10.171844 
10. 17170 
10. 17156 
10.17142 
10. 17128 
10. 17115 
10. 17101 
10. 17087 


10. 17073 
10. 17059 
10. 17046 
10. 17032 
— 


= 


47 Degrees. 


[3599] 


Tangents, and Secants. = 


— 


„ 


Tang. 


9.96205 
9.96231 
9.96256 
9.96281 
9.96307 
9-90332 
9.96357 
9.96 


42 Degrees. 


| 1 
1 


10.03795 
10. 03769 


1003744 


10. 03719 
10. 03693 
10. 03668 
10. 03643 
10.036617 


10. 03592 
10. 03567 


10.0354 
10.035616 


10. 03491 
10 03465 


1003414 
10. 03389 
10.03364 


10. 03338 


10.03313 


1003288 
10. 03262 
10. 03237 
10.03212 
10. 03186 


91 10.03161 


10.03136 
10.03110 
10.0308; 
10.03060 


6966 1003034 


Tang. 


10. 13249 
10. 13260 
10.13272 
10. 13283 


10. 13318 


10.13237 


10. 13295 
10. 13307 


10. 13330 
10.13341 
10.13353 
10. 13365 
10. 13376 
10. 13388 
10. 13400 


10. 13411 


10. 13423 
10.13435 
10. 13446 
10. 13458 


10. 13470 
10. 13482 


10.13587 


10.135928 


10. 13540 
10. 13552 


10. 13564 
10. 13576 


110. 16730 


g 


10.770632 
10. 17018 
10. 17004 


10. 16990 
10.169727 


10. 16963 


10.1 6949 
10. 16935 


10. 16922 
10. 16908 

10. 16894 
10. 16881 
10. 16867 
10. 16853 
10, 16839 


10. 16826 
10. 16812 
10. 16798 
10. 16785 
10. 16771 
1.16758 
0.16744 


10. 16717 
10. 16703 


10. 16690 
10. 16676 
10. 16662 
10. 16649 
10. 16635 
to. 16622 


Secant. 


47 Degrees. 


a 


* 


in. [O -u A ao 


* 


| wa 


I 510 


„ 


A Table of Artificial Sines, © 


— 


143 Degrees, 


— 


— — , 
= 010 ww ownle wy o 


9.97168 


—— — 


Tang. 


9.96966 
9.96991 
9.97016 
997042 
9.97067 
9-97Q92 
9.97118 
9:97143- 


997394 
9-97219 
9-97244 
9.97269 
9.97295 
9:97320 
9.97345 
997371 
997396 
9.97421 
997447 
9-97472 
9-97497 
9-97523 
9.97548 


9-97599 
9.97624 
9.97649 
9.97674 
9.97% 


N 


| 


| 


2 


- 


— dS be id] 


| 


: 


— — — 

10. 03034 
10. 03009 
10. 02984 
10. 02958 


10. 02933 


10. 02908 


10. 02883 
10.0285 
10.0283 2 
10. 02807 


10.02781 
ro. 02756 
10.027311 
10.02705 
19.02680 


10.0265 5 
10. 2629 


1002604 


10. 2559 


10.02553 


19.02528 
10.02503 
10.02477 
10.02452 
1002427 


10.02402 
19.0237 

10.02351 
10,02326 
10.02300 
10.02275 


ang. 


Secant. 


10.136587 
10. 13599 


10. 13611 
10. 13623 


10. 13634 
10. 13646 


10. 13658 


10. 13670 


10. 13682 


10. 13694 


10. 13705 
10.135717 
10.135729 
10. 13741 


10.13753 


10. 13765 


1013777 


10. 13789 
10. 13800 


1013812 


10. 13824 
10.13836 
10.13848 
10. 13860 
10. 13872 
10. 13884 
1013896 
10. 13908 
10. 13920 


10.13932 


19113944 


| 


10.166232 
10. 166085 
10.165955 
10. 16581 
10. 16568 56 


10.16 

10126541 
10. 16527 
10. 16514 
10. 16500 


10. 1648750 
to. 16473 
10. 16460 
10. 16446 
10. 16433 


10. 16419 
10. 16406 
10. 16393 
10. 16379 
10. 16366 
10. 1635 2 
10.163393 
10.163263 
10. 16312 
10. 16299 


10. 16285 
10. 16272 
10. 16259 
10. 16245 
10. 16232 
10. 16219 


Secant. 


46 Degrees. 


* 


Tan] 


Tangente, and” Sccants, 


Ad. 


— 


1— — 


415 Degrees. 


— 


110,02123 


9.98104 
33575 


9.98155 
9.98180 


9.98256 
9.98281 
9.98307 
9.8 9.98332 
9.98367 
9.98383 
9.98408 
9.98433 
9.98458 
9.98484. 


— — ES 


1.01921 
10.01896 


9.8 9.98206} 10.01794. 
9.998231} 


Tang. 


* * 
0 1 
»4 


ö 
| | 


10.02275 
10.02250 
10,02224 
10,02199 
10,02174 
10.029609 


10,02098 
10,02073 
10,02047 
I0,02022z 
10,01997 
10,01971 
10 01946 


10,01870 
10.01845 
10,01820 


| Secant. 
10113944 


10.14137 


1 


10:13956 
10.13963 
10.13980 
10.13992 
10. 14004 
10. 14016 
10. 14028 
10. 14040 
10. 14052 
10. 14064 
10. 14076 
10. 14088 
10. 14100 
10.141112 


10. 14124 
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The Northern Foot of the Croſs - - - - [os 308 
The Southern Foot of the Cr - - - - - [6r 318 
The Eaſtermoſt of the four Stars in the Cre 58 068 
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